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Description 



[0001] The present invention relates to animal oils and vegetable oils that are transesterified and contain at least 
one pour point depressant and antioxidant. In addition to pour point depressants, and antioxidants, the transesterified 
5 natural oil may also contain additional additives as well as a normally liquid fuel. 

BACKGROUND OF THE INVENTION 

[0002] Successful use of esters of transesterified natural oils as environmentally friendly, that is biodegradable, base 
10 fluids in industrial applications and also as a fuel additive when mixed with normally liquid fuels, is contingent upon 
improving their low temperature viscometries. For example, a methyl ester obtained from the transesterification of 
rapeseed oil, has utility as an environmentally friendly diesel fuel. However, this methyl ester has a pour point of -12°C 
and solidifies at 1 3.6°C which results in clogged filters and engine failure. In order to take advantage of the biodegrad- 
ability of transesterified esters of natural oils, it becomes necessary to lower the pour point. 
15 [0003] U.S. Patent No. 2,243,198 (Dietrich, May 27, 1941) relates to non-viscous normally liquid hydrocarbon oils 
and more particularly to the production of fuel oils having improved flow characteristics under low temperature condi- 
tions. The flow characteristics of fuel oil is improved by the addition of a hydrogenated castor oil derivative to a non- 
viscous normally liquid hydrocarbon oil. Hydrogenated castor oil derivative is defined as the product obtained by re- 
acting hydrogenated castor oil either with its own hydroxyl group or with another organic compound selected from the 
20 classes of alcohols, aldehydes, acids, isocyanates and isothiocyanates. 

[0004] U.S. Patent No. 4,364,743 (Erner, December 21 , 1982) relates to a fuel source for oil burning devices which 
is a fuel in and of itself or can be mixed with petroleum middle distillates. Fatty acids of the formula 



can provide such a fuel wherein 

35 (a) R is (1 ) an alkyl radical having from 1 to 1 2 carbon atoms, (2) alkoxy alkyl wherein the alkoxy portion has from 

1 to 4 carbon atoms and the alkyl portion is ethyl or propyl, (3) cyclopentyl or cyclohexyl and (4) hydroxy ethyl and 
hydroxy propyl; 
(b)n= 11-22; 

<c) a = 2 n+1l 2^, 2 n _ 3 , 2 n _ 5 , or 2^; and 
40 (d) x is 0 or 1 . 

[0005] U.S. Patent No. 4,575,382 (Sweeney et al, March 11 , 1 986) relates to a vegetable oil containing middle dis- 
tillate fuel characterized by an improved thermal stability. The vegetable oils which may be used include soybean oil, 
peanut oil and sunflower seed oil. 
45 [0006] U.S. Patent 4,695,411 (Stern etal, September 22, 1987) relates to a process for manufacturing a major portion 
of ethyl esters usable as gas oil substitute motor fuel by transesterification of an animal or vegetable oil optionally 
containing free acids. 

[0007] U.S. Patent 5,160,506 (Schur et al, November 3, 1992) relates to a liquid fuel mixture, comprising a C 3 and/ 
or at least a C 4 -alkane, at least one oil component and optionally at least one additive, a process for its preparation 
so and its use for two-stroke engines. 

[0008] W092/11 345 relates to mixtures of fatty acid low-alkyl esters with improved cold stability, which contain 



a) 58-95% by weight of at least one ester with an iodine value of 50-1 50 derived from fatty acids containing 1 2-22 
carbon atoms and lower aliphatic alcohols containing 1 -4 carbon atoms, 

b) 4-40 % by weight of at least one ester of fatty acids containing 6-14 carbon atoms and lower aliphatic alcohols 
containing 1-4 carbon atoms, and 

c) 0.1-2 % by weight of at least one polymeric ester. 
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Summary of the Invention 

[0009] According to the present invention there is provided a composition comprising: 
5 (A) esters from the transesterification of at least one animal or vegetable oil triglyceride of the formula 
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20 



with an alcohol R 4 OH wherein R 1 , R 2 and R 3 are aliphatic groups containing from 6 to 24 carbon atoms and R 4 is 
an aliphatic group containing from 1 to 10 carbon atoms; 

(B) a pour point depressant and 

(C) (4) an antioxidant comprising (a) and (b) and (c) as defined in claim 1 . 



[0010] In addition to components (A), (B) and (C)(4), the composition may also contain an additive (C)(1 )-(3) and/ 
or (D) a normally liquid fuel. 

25 [0011] Various preferred features and embodiments of the invention are described below by way of non-limiting 
illustration. 

(A) The Transesterified Esters 

30 [0012] In practicing this invention, a natural oil comprising animal fat or vegetable oils is reacted with an alcohol to 
obtain the transesterified esters. These natural oils include triglycerides of the formula 
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wherein R 1 , R2 and R 3 are aliphatic hydrocarbyl groups containing from 6 to 24 carbon atoms. The term "hydrocarbyl 
55 group" as used herein and throughout this specification and claims denotes a radical having a carbon atom directly 
attached to the remainder of the molecule. The aliphatic hydrocarbyl groups include the following: 



(1) Aliphatic hydrocarbon groups; that is, alkyl groups such as heptyl, nonyl, undecyl, tridecyl, heptadecyl; alkenyl 
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groups containing a single double bond such as heptenyl, nonenyl, undecenyl, tridecenyl, heptadecenyl, henei- 
cosenyl; alkenyl groups containing 2 or 3 double bonds such as 8,11-heptadecadienyl and 8, 1 1 , 1 4-heptadeca- 
trienyl. All isomers of these are included, but straight chain groups are preferred. 

(2) Substituted aliphatic hydrocarbon groups; that is groups containing non-hydrocarbon substituents which, in the 
context of this invention, do not alter the predominantly hydrocarbon character of the group. Those skilled in the 
art will be aware of suitable substituents; examples are hydroxy, carbalkoxy, (especially lower carbalkoxy) and 
alkoxy (especially lower alkoxy), the term, 'lower* denoting groups containing not more than 7 carbon atoms. 

(3) Hetero groups; that is, groups which, while having predominantly aliphatic hydrocarbon character within the 
context of this invention, contain atoms other than carbon present in a chain or ring otherwise composed of aliphatic 
carbon atoms. Suitable hetero atoms will be apparent to those skilled in the art and include, for example, oxygen, 
nitrogen and sulfur. 

[001 3] Animal fats having utility include beef tallow oil and menhaden oil. Useful vegetable oils include sunflower oil, 
cottonseed oil, safflower oil, corn oil, soybean oil, rapeseed oil, meadowfoam oil or any of the previously mentioned 
vegetable oils that are genetically modified such that the monounsaturated content is greater than the normal value. 
For example, a synthetic triglyceride prepared by reacting one mole of glycerol with three moles of oleic has an oleic 
acid content of 100% and consequently a monounsaturated content of 100%. Normal sunflower oil has an oleic acid 
content of 25-30%. By genetically modifying the seeds of sunflowers, a sunflower oil can be obtained wherein the oleic 
acid content is from 60% up to 90%. 

[0014] It is preferred that the monounsaturated character be derived from an oleyl radical, i.e., 



R 1 C, R 2 C and R 3 C 

is the residue of oleic acid. The preferred triglyceride oils are high oleic (at least 60 percent) acid triglyceride oils. 
Typical high oleic vegetable oils employed within the instant invention include high oleic safflower oil, high oleic com 
oil, high oleic rapeseed oil, high oleic sunflower oil, high oleic soybean oil, high oleic cottonseed oil and high oleic palm 
olein. A preferred high oleic vegetable oil is high oleic sunflower oil obtained from Helianthus sp. This product is available 
from SVO Enterprises, Eastlake, Ohio as Sunyl® high oleic sunflower oil. Sunyl 80 is a high oleic triglyceride wherein 
the acid moieties comprise 80 percent oleic acid. Another preferred high oleic vegetable oil is high oleic rapeseed oil 
obtained from Brassica compestris or Brassica napus, also available from SVO Enterprises as RS R high oleic rapeseed 
oil. RS80 signifies a rapeseed oil wherein the acid moieties comprise 80 percent oleic acid. 

[001 5] Alcohols utilized in forming the transesterified esters are of the formula F^OH wherein R 4 is an aliphatic group 
that contains from 1 to 24 carbon atoms. The R 4 may be straight chained or branched chain, saturated or unsaturated. 
An illustrative but non exhaustive list of alcohols are: methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol 
and the isomeric butyl, pentyl, hexyl, heptyl, octyi, nonyl dodecyl, pentadecyl and octadecyl alcohols. Preferably the 
alcohol is methyl alcohol. 

[0016] The transesterification generally occurs by mixing at least 3 moles of R^H per 1 mole of triglyceride. A 
catalyst, when employed, comprises alkali or alkaline earth metal alkoxides containing from 1 up to 6 carbon atoms. 
Preferred catalysts are sodium or potassium methoxide, calcium or magnesium methoxide, the ethoxides of sodium, 
potassium, calcium or magnesium and the isomeric propoxides of sodium, potassium, calcium or magnesium. The 
most preferred catalyst is sodium methoxide. 

[0017] The transesterification conveniently occurs at a temperature of from ambient up to the decomposition tem- 
perature of any reactant or product. Usually the upper temperature limit is not more than 150°C and preferably not 
more than 120°C. In the transesterification mixed esters are obtained according to the following reaction: 
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mixture of esters 

Transesterification is an equilibrium reaction. To shift the equilibrium to the right it is usually necessary to use either a 
large excess of alcohol, or else remove glycerol as it is formed. When using an excess of alcohol, once the transes- 
terification reaction is complete the excess alcohol is removed by distillation. 

[0018] The following non-limiting examples are illustrative of the preparation of the transesterified product of the 
present invention. Unless otherwise indicated, all parts and percentages are by weight. 

Example A-1 

[0019] Charged to a 12 liter 4 neck flask is 7056 parts (8 moles) high oleic rapeseed oil, 1280 parts (40 moles) 
absolute methyl alcohol and 70.5 parts (1 .30 moles) sodium methoxide. The contents are heated to a reflux temperature 
of 73°C and held at this temperature for 3 hours and 76 parts (0.65 moles) of 85% phosphoric acid is added dropwise 
in 0.4 hours to neutralize the catalyst. Excess methyl alcoholis then removed by heating to 1 00°C with nitrogen blowing 
at 5663 cm 3 /hr (0,2 cubic feet per hour) and later to a vacuum of 30 millimeters of mercury. The contents are filtered 
to give 6952 parts of the transesterified methyl ester of high oleic rapeseed oil. 



35 Example A-2 



[0020] The procedure of Example A-1 is essentially followed except that the high oleic rapeseed oil is replaced with 
high oleic sunflower oil to give the transesterified methyl ester of high oleic sunflower oil. 



40 Example A-3 



[0021] Charged to a 5 liter 4 neck flask is 759 parts (1 2.5 moles) isopropyl alcohol. While at room temperature, 5.75 
parts (0.25 moles) elemental sodium is slowly added. When all the sodium is reacted, added is 2205 (25 moles) high 
oleic sunflower oil. The contents are heated to 85° C and held for 4 hours followed by neutralization of the catalyst with 
9.67 parts (0.083 moles) of 85% phosphoric acid. The contents are stripped to 120°C at 27 millimeters of mercury to 
give 2350 parts of the transesterified isopropyl ester of high oleic sunflower oil. 



Example A-4 

[0022] The procedure of Example A-3 is essentially followed except that the catalyst is made by reacting 690 parts 
(15 moles) absolute ethyl alcohol with 6.9 parts (0.3 moles) sodium metal. The product obtained is the transesterified 
ethyl ester of high oleic sunflower oil. 



Example A -5 

55 

[0023] The procedure of Example A-3 is essentially followed except that the catalyst is made by reacting 910 parts 
(15 moles) n-propyl alcohol with 6.9 parts (0.3 moles) sodium metal. The product obtained is the transesterified n- 
propyl ester of high oleic sunflower oil. 
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Example A-6 

[0024] The procedure of Example A-3 is essentially followed except that the catalyst is made by reacting 1114.5 
parts (15 moles) n-butyl alcohol with 6.9 parts (0.3 moles) sodium metal. The product obtained is the transesterified 
n-butyl ester of high oleic sunflower oil. 

Example A-7 

[0025] The procedure of Example A-3 is essentially followed except that the catalyst is made by reacting 1 300 (1 2.5 
moles) n-hexyl alcohol with 5.75 parts (0.25 moles) sodium metal. The product obtained is the transesterified n-hexyl 
ester of high oleic sunflower oil. 

Example A-8 

[0026] Utilizing the catalyst as prepared in Example A-3, safflower oil is transesterified with isopropyl alcohol to obtain 
transesterified isopropyl esters of safflower oil. 

Example A-9 

[0027] Utilizing the catalyst as prepared in Example A-4, cottonseed oil is transesterified with ethyl alcohol to obtain 
transesterified ethyl esters of cottonseed oil. 

Example A-10 

[0028] Utilizing the catalyst as prepared in Example A-6, corn oil is transesterified with n-butyl alcohol to obtain 
transesterified n-butyl esters of corn oil. 

Example A-11 

[0029] The procedure of Example A-9 is essentially followed except that beef tallow oil is utilized instead of cottonseed 
oil. The product obtained is the transesterified ethyl ester of beef tallow oil. 

Example A-12 

[0030] The procedure of Example A-10 is essentially followed except that menhaden oil is utilized instead of corn 
oil. The product obtained is the transesterified n-butyl ester of menhaden oil. 

Example A-1 3 

[0031] The procedure of Example A-1 is essentially followed except that rapeseed oil is utilized instead of high oleic 
rapeseed oil. The product obtained is the transesterified methyl ester of rapeseed oil. 

Example A-1 4 

[0032] The procedure of Example A-1 is essentially followed except that soybean oil is utilized instead of high oleic 
rapeseed oil. The product obtained is the transesterified methyl ester of soybean oil. 

(B) The Pour Point Depressant 

[0033] A drawback of using transesterified esters is in the difficulty with congelation of the transesterified esters at 
low temperatures (less than -10°C). This difficulty arises from a natural stiffening at low temperatures of the transes- 
terified esters analogous to the stiffening of honey or molasses at a reduced temperature. To maintain the "pour" or 
■flow" of the transesterified esters, a pour point depressant is added to the oil. 

[0034] Preferred, pour point depressants (PPD) having utility in this invention are carboxy containing interpolymers 
in which many of the carboxy groups are esterified and the remaining carboxy groups, if any, are neutralized by reaction 
with amino compounds; acrylate polymers, nitrogen containing acrylate polymers and methylene linked aromatic com- 
pounds. 
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Carboxy-Containinq Interpolymers 

[0035] This PPD is an ester of a carboxy-containing interpolymer, said interpolymer having a reduced specific vis- 
cosity of from 0.05 to 2, said ester being substantially free of titratable acidity, i.e., at least 90% esterification, and being 

5 characterized by the presence within its polymeric structure of pendant polar groups: (i) a relatively high molecular 
weight carboxylic ester group having at least 8 aliphatic carbon atoms in the ester radical, (ii) a relatively low molecular 
weight carboxylic ester group having no more than 7 aliphatic carbon atoms in the ester radical, and optionally (iii) a 
carbonyl-polyamino group derived from a polyamino compound having one primary or secondary amino group, wherein 
the molar ratio of (i):(ii) is (1-20):1, preferably (1-10):1 and wherein the molar ratio of (i) : (ii) : (iii) is 

'<> (50- 100): (5-50): (0.1 -15) 

[0036] An essential element of this ester is that the ester is a mixed ester, i.e., one in which there is the combined 
presence of both a high molecular weight ester group and a low molecular weight ester group, particularly in the ratio 
as stated above. Such combined presence is critical to the viscosity properties of the mixed ester, both from the stand- 
point of its viscosity modifying characteristics and from the standpoint of its thickening effect upon lubricating compo- 

'5 sitions in which it is used as an additive. 

[0037] In reference to the size of the ester groups, it is pointed out that an ester radical is represented by the formula 



-C(0) (OR) 



20 



and that the number of carbon atoms in an ester radical is the combined total of the carbon atoms of the carbonyl group 
and the carbon atoms of the ester group i.e., the (OR) group. 

[0038] An optional element of this ester is the presence of a polyamino group derived from a particular amino com- 
pound, i.e., one in which there is one primary or secondary amino group and at least one mono-functional amino group. 
25 Such polyamino groups, when present in this mixed ester in the proportion stated above enhances the dispersability 
of such esters in lubricant compositions and additive concentrates for lubricant compositions. 

[0039] Still another essential element of the mixed ester is the extent of esterification in relation to the extent of 
neutralization of the unesterified carboxy groups of the carboxy-containing interpolymer through the conversion thereof 
to the optional polyamino-containing groups. For convenience, the relative proportions of the high molecular weight 

30 ester group to the low molecular weight ester group and to the polyamino group are expressed in terms of molar ratios of 
(50-100):(5-50):(0.1-15), respectively. The preferred ratio is (70-85):(1 5-30): (3-4). It should be noted that the linkage 
described as the carbonyl-polyamino group may be imide, amide, or amidine and inasmuch as any such linkage is 
contemplated within the present invention, the term "carbonyl polyamino" is thought to be a convenient, generic ex- 
pression useful for the purpose of defining the inventive concept. In a particularly advantageous embodiment of the 

35 invention such linkage is imide or predominantly imide. 

[0040] Still another important element of the mixed ester is the molecular weight of the carboxy-containing interpol- 
ymer. For convenience, the molecular weight is expressed in terms of the 'reduced specific viscosity" of the interpolymer 
which is a widely recognized means of expressing the molecular size of a polymeric substance. As used herein, the 
reduced specific viscosity (abbreviated as RSV) is the value obtained in accordance with the formula 

40 

P5y _ Relative Viscosity - 1 
Concentration 

wherein the relative viscosity is determined by measuring, by means of a dilution viscometer, the viscosity of a solution 
45 of one gram of the interpolymer in 10 ml. of acetone and the viscosity of acetone at 30°± 0.02° C. For purpose of 
computation by the above formula, the concentration is adjusted to 0.4 gram of the interpolymer per 1 00 ml. of acetone. 
A more detailed discussion of the reduced specific viscosity, also known as the specific viscosity, as well as its rela- 
tionship to the average molecular weight of an interpolymer, appears in Paul J. Flory, Principles of Polymer Chemistry , 
(1 953 Edition) pages 308 et seq. 
50 [0041] While interpolymers having reduced specific viscosity of from 0.05 to 2 are contemplated in the mixed ester, 
the preferred interpolymers are those having a reduced specific viscosity of from 0.1 to 1. In most instances, interpol- 
ymers having a reduced specific viscosity of from 0.1 to 0.8 are particularly preferred. 

[0042] From the standpoint of utility, as well as for commercial and economical reasons, esters in which the high 
molecular weight ester group has from 8 to 24 aliphatic carbon atoms, the low molecular weight ester group has from 
55 3 to 5 carbon atoms, and the carbonyl amino group is derived from a primary-aminoalkyl-substituted tertiary amine, 
particularly heterocyclic amines, are preferred. Specific examples of the high molecular weight carboxylic ester group, 
i.e., the (OR) group of the ester radical (i.e., -(0)(OR)) include heptyloxy, isooctyloxy, decyloxy, dodecyloxy, tridecyloxy, 
tetradecyloxy, pentadecyloxy, octadecyloxy, eicosyloxy, tricosyloxy and tetracosyloxy. Specific examples of low mo- 
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lecular weight groups include methoxy, ethoxy, n-propyloxy, isopropyloxy, n-butyloxy, sec-butyloxy, iso-butyloxy, n- 
pentyloxy, neo-pentyloxy, n-hexyloxy, cyclohexyloxy, xyxlopentyloxy, 2-methyl-butyM-oxy and 2,3-dimethyl-butyl- 
1-oxy. In most instances, alkoxy groups ot suitable size comprise the preferred high and low molecular weight ester 
groups. Polar substituents may be present in such ester groups. Examples of polar substituents are chloro, bromo, 
ether and nitro. 

[0043] Examples of the carbonyl polyamino group include those derived from polyamino compounds having one 
primary or secondary amino group and at least one mono-functional amino group such as tertiary-amino or heterocyclic 
amino group. Such compounds may thus be tertiary-amino substituted primary or secondary amines or other substituted 
primary or secondary amines in which the substituent is derived from pyrroles, pyrrolidones, caprolactams, oxazo- 
lidones, oxazoles, thiazoles, pyrazoles, pyrazolines, imidazoles, imidazolines, thiazines, oxazines, diazines, oxycar- 
bamyl, thiocarbamyl, uracils, hydantoins, thiohydantoins, guanidines, ureas, sulfonamides, phosphoramides, pheno- 
thiaznes and amidines. Examples of such polyamino compounds include dimethylamino-ethylamine, dibutylamino- 
ethylamine, 3-d imethy la mino-1 -propylamine, 4-methylethylamino-1-butylamine, pyridyl-ethylamine, N-morpholino- 
ethylamine, tetrahydropyridyl-ethylamine, bis-(dimethylamino)propyl-amine, bis-(diethylamino) ethylamine, N.N-dime- 
thyl-p-phenylene diamine, piperidyl-ethylamine, 1-aminoethyl pyrazole, 1 -(methylamino)pyrazoline, 1 -methyl-4-amino- 
octyl pyrazole, 1-aminobutyi imidazole, 4-aminoethyl thiazole, 2-aminoethyl pyridine, orthonamino-ethyl-N,N- dimeth- 
ylbenzenesulfamide, N-aminoethyl phenothiazine, N-aminoethylacetamidine, 1 -aminophenyl-2-aminoethyl pyridine 
and N-methyl-N-aminoethyl-S-ethyl-dithiocarbamate. Preferred polyamino compounds include the N-aminoalkyl-sub- 
stituted morpholines such as aminopropyl morpholine. For the most part, the polyamino compounds are those which 
contain only one primary-amino or secondary-am ino group and, preferably at least one tertiary-amino group. The ter- 
tiary amino group is preferably a heterocyclic amino group. In some instances polyamino compounds may contain up 
to 6 amino groups although, in most instances, they contain one primary amino group and either one or two tertiary 
amino groups. The polyamino compounds may be aromatic or aliphatic amines and are preferably heterocyclic amines 
such as amino-alkyl-substituted morpholines, piperazines, pyridines, benzopyrroles, quinolines, pyrroles, etc. They 
are usually amines having from 4 to 30 carbon atoms, preferably from 4 to 12 carbon atoms. Polar substituents may 
likewise be present in the polyamines. 

[0044] The carboxy-containing interpolymers include principally interpolymers of alpha, beta-unsatu rated acids or 
anhydrides such such as maleic anhydride or itaconic anhydride with olefins (aromatic or aliphatic) such as ethylene, 
propylene, isobutene or styrene, or substituted styrene wherein the substituent is a hydrocarbyl group containing from 
1 up to about 18 carbon atoms. The styrene-maleic anhydride interpolymers are especially useful. They are obtained 
by polymerizing equal molar amounts of styrene and maleic anhydride, with or without one or more additional interpo- 
lymerizable comonomers. In lieu of styrene, an aliphatic olefin may be used, such as ethylene, propylene or isobutene. 
In lieu of maleic anhydride, acrylic acid or methacrylic acid or ester thereof may be used. Such interpolymers are know 
in the art and need not be described in detail here. Where an interpolymerizable comonomer is contemplated, it should 
be present in a relatively minor proportion, i.e., less that 0.3 mole, usually less than 0.15 mole, per mole of either the 
olefin (e.g. styrene) or the alpha, beta-unsatu rated acid or anhydride (e.g. maleic anhydride), various methods of 
interpolymerizing styrene and maleic anhydride are known in the art and need not be discussed in detail here. For 
purpose of illustration, the interpolymerizable comonomers include the vinyl monomers such as vinyl acetate, acryio- 
nitrile, methylacrylate, methylmethacrylate, acrylic acid, vinyl methyl either, vinyl ethyl ether, vinyl chloride, isobutene, 
for example. 

[0045] The nitrogen -containing esters of the mixed ester are most conveniently prepared by first 1 00 percent ester- 
ifyingthe carboxy-containing interpolymer with a relatively high molecular weight alcohol and a relatively low molecular 
weight alcohol. When the optional (C) is employed, the high molecular weight alcohol and low molecular weight alcohol 
are utilized to convert at least 50% and no more than 98% of the carboxy radicals of the interpolymer to ester radicals 
and then neutralizing the remaining carboxy radicals with a polyamino compound such as described above. To incor- 
porate the appropriate amounts of the two alcohol groups into the interpolymer, the ratio of the high molecular weight 
alcohol to the low molecular weight alcohol used in the process should be within the range of from 2:1 to 9: 1 on a molar 
basis. In most instances the ratio is from 2.5:1 to 5:1 . More than one high molecular weight alcohol or low molecular 
weight alcohol may be used in the process; so also may be used commercial alcohol mixtures such as the so-called 
Oxoalcohols which comprise, for example mixtures of alcohols having from 8 to 24 carbon atoms. A particularly useful 
class of alcohols are the commercial alcohols or alcohol mixtures comprising decylalcohol, dodecyl alcohol, tridecyl 
alcohol, tetradecyl alcohol, pentadecyl alcohol, hexadecyl alcohol, heptadecyl alcohol and octadecyl alcohol. Other 
alcohols useful in the process are illustrated by those which, upon esterification, yield the ester groups exemplified 
above. 

[0046] The extent of esterification, as indicated previously, may range from 50% to 98% conversion of the carboxy 
radicals of the interpolymer to ester radicals. In a preferred embodiment, the degree of esterification ranges from 75% 
to 95%. 

[0047] The esterification can be accomplished simply be heating the carboxy containing interpolymer and the alcohol 
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or alcohols under conditions typical for effecting ester if icat ion. Such conditions usually include, for example, a temper- 
ature of at least about 80°C, preferably from 150°Cto350°C, provided that the temperature be below the decomposition 
point of the reaction mixture, and the removal of water of esterification as the reaction proceeds. Such conditions may 
optionally include the use of an excess of the alcohol reactant so as to facilitate esterification, the use of a solvent or 

5 diluent such as mineral oil, toluene, benzene, xylene or the like and a esterification catalyst such as toluene sulfonic 
acid, sulfuric acid, aluminum chloride, boron trifluoride-triethylamine, hydrochloric acid, ammonium sulfate, phosphoric 
acid, sodium methoxide, for example. These conditions and variations thereof are well know in the art. 
[0046] A particularly desirable method of effecting esterification involves first reacting the carboxy-containing inter- 
polymer with the relatively high molecular weight alcohol and then reacting the partially esterified interpolymer with the 

10 relatively low molecular weight alcohol. A variation of this technique involves initiating the esterification with the relatively 
high molecular weight alcohol and before such esterification is complete, the relatively low molecular weight alcohol 
is introduced into the reaction mass so as to achieve a mixed esterification. In either event it has been discovered that 
a two-step esterification process whereby the carboxy-containing interpolymer is first esterified with the relatively high 
molecular weight alcohol so as to convert from 50% to 75% of the carboxy radicals to ester radicals and then with the 

is relatively low molecular weight alcohol to achieve the finally desired degree of esterification results in products which 
have unusually beneficial viscosity properties. 

[0049] The esterified interpolymer may optionally be treated with a polyamino compound in an amount so as to 
neutralize substantially all of the unesterified carboxy radicals of the interpolymer. The neutralization is preferably 
carried out at a temperature of at least about 80°C, often from 120°C to 300°C, provided that the temperature does 
20 not exceed the decomposition point of the reaction mass. In most instances the neutralization temperature is between 
150°C and 250°C. A slight excess of the stoichiometric amount of the amino compound is often desirable, so as to 
insure substantial completion of neutralization, i.e., no more than about 2% of the carboxy radicals initially present in 
the interpolymer remained unneutralized. 

[0050] The following non-limiting examples are illustrative of the preparation of the mixed ester of the present inven- 
ts tion. Unless otherwise indicated all parts and percentages are by weight. 

EXAMPLE (B-1) 

[0051] A styrene-maleic interpolymer is obtained by preparing a solution of styrene (16.3 parts by weight) and maleic 

30 anhydride (12.9 parts) in a benzene-toluene solution (270 parts; weight ratio of benzene:toluene being 66.5:33.5) and 
contacting the solution at 86°C. in nitrogen atmosphere for 8 hours with a catalyst solution prepared by dissolving 70% 
benzoyl peroxide (0.42 part) in a similar benzene-toluene mixture (2.7 parts). The resulting product is a thick slurry of 
the interpolymer in the solvent mixture. To the slurry there is added mineral oil (141 parts) while the solvent mixture is 
being distilled off at 150°C. and then at 150°C7200 mm. Hg. To 209 parts of the stripped mineral oil-interpolymer slurry 

35 (the interpolymer having a reduced specific viscosity of 0.72) there are added toluene (25.2 parts), n-butyl alcohol (4.8 
parts), a commercial alcohol consisting essentially of primary alcohols having from 1 2 to 1 8 carbon atoms (56.6 parts) 
and a commercial alcohol consisting of primary alcohols having from 8 to 1 0 carbon atoms (1 0 parts) and to the resulting 
mixture there is added 96% sulfuric acid (2.3 parts). The mixture is then heated at 150°-1 60 6 C. for 20 hours whereupon 
water is distilled off. An additional amount of sulfuric acid (0.18 part) together with an additional amount of n-butyl 

40 alcohol (3 parts) is added and the esterification is continued until 95% of the carboxy radicals of the polymer has been 
esterified. To the esterified interpolymer, there is then added aminopropyl morpholine (3.71 parts; 10% in excess of 
the stoichiometric amount required to neutralize the remaining free carboxy radicals) and the resulting mixture is heated 
to 150°-160°C./10 mm. Hg to distill off toluene and any other volatile components. The stripped product is mixed with 
an additional amount of mineral oil (12 parts) filtered. The filtrate is a mineral oil solution of the nitrogen-containing 

45 mixed ester having a nitrogen content of 0. 1 6-0. 1 7%. 

EXAMPLE (B-2) 

[0052] The procedure of Example (B-1) is followed except that the esterification is carried out in two steps, the first 
50 step being the esterification of the styrene-maleic interpolymer with the commercial alcohols having from 8 to 1 8 carbon 
atoms and the second step being the further esterification of the interpolymer with n-butyl alcohol. 

EXAMPLE (B-3) 

55 [0053] The procedure of Example (B-1 ) is followed except that the esterification is carried out by first esterifying the 
styrene-maleic interpolymer with the commercial alcohol having from 8 to 18 carbon atoms until 70% of the carboxyl 
radicals of the interpolymer have been converted to ester radicals and thereupon continuing the esterification with any 
yet-unreacted commercial alcohols and n-butyl alcohol until 95% of the carbonyl radicals of the interpolymer have been 
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converted to ester radicals. 
EXAMPLE (B-4) 

5 [0054] The procedure of Example (B-1 ) is followed except that the interpolymer is prepared by polymerizing a solution 
consisting of styrene (416 parts), maleic anhydride (392 parts), benzene (2153 parts) and toluene (5025 parts) in the 
presence of benzoyl peroxide (1.2 parts) at 65°-106°C. (The resulting interpolymer has a reduced specific viscosity of 
0.45). 

10 EXAMPLE (B-5) 

[0055] The procedure of Example (B-1 ) is followed except that the styrene-maleic anhydride is obtained by polym- 
erizing a mixture of styrene (416 parts), maleic anhydride (392 parts), benzene (6101 parts) and toluene (2310 parts) 
in the presence of benzoyl peroxide (1 .2 parts) at 78°-92°C. (The resulting interpolymer has a reduced specific viscosity 
is of 0.91). 

EXAMPLE (B-6) 

[0056] The procedure of Example (B-1) is followed except that the styrene-maleic anhydride is prepared by the 
20 following procedure: Maleic anhydride (392 parts) is dissolved in benzene (6870 parts). To this mixture there is added 
styrene (41 6 parts) at 76° C. whereupon benzoyl peroxide (1 .2 parts) is added. The polymerization mixture is maintained 
at 80-82°C. for about 5 hours. (The resulting interpolymer has a reduced specific viscosity of 1.24.) 

EXAMPLE (B-7) 

25 

[0057] The procedure of Example (B-1 ) is followed except that acetone (1 340 parts) is used in place of benzene as 
the polymerization solvent and that azobisisobutyronitrile (0.3 part) is used in place of benzoyl peroxide as a polym- 
erization catalyst. 

30 EXAMPLE (B-8) 

[0058] An interpolymer (0.86 carboxyl equivalent) of styrene and maleic anhydride (prepared from an equal molar 
mixture of styrene and maleic anhydride and having a reduced specific viscosity of 0.69) is mixed with mineral oil to 
form a slurry, and then esterified with a commercial alcohol mixture (0.77 mole; comprising primary alcohols having 

35 from 8 to 18 carbon atoms) at 150-160°C. in the presence of a catalytic amount of sulfuric acid until about 70% of the 
carboxyl radicals are converted to ester radicals. The partially esterified interpolymer is then further esterified with a 
n-butyl alcohol (0.31 mole) until 95% of the carboxyl radicals of the interpolymer are converted to the mixed ester 
radicals. The esterified interpolymer is then treated with aminopropyl morpholine (slight excess of the stoichiometric 
amount to neutralize the free carboxyl radicals of the interpolymer) at 150-160°C. until the resulting product is sub- 

40 stantially neutral (acid number of 1 to phenolphthalein indicator). The resulting product is mixed with mineral oil so as 
to form an oil solution containing 34% of the polymeric product. 

[0059] Examples (B-1 ) through (B-8) are prepared using mineral oil as the diluent. All of the mineral oil or a portion 
thereof may be replaced with the triglyceride oil (A). The preferred triglyceride oil is the high oleic sunflower oil. 

45 EXAMPLE (B-9) 

[0060] Charged to a 12 liter 4 neck flask is 3621 parts of the interpolymer of Example (B-8) as a toluene slurry. The 
percent toluene is about 76 percent. Stirring is begun and 933 parts (4.3 equivalents) Alfol 1218 alcohol and 1370 
parts xylene are added. The contents are heated and toluene is removed by distillation. Additional xylene is added in 

so increments of 500, 500, 300 and 300 parts while continuing to remove toluene, the object being to replace the lower 
boiling toluene with the higher boiling xylene. The removal of solvent is stopped when the temperature of 140°C. is 
reached. The flask is then fitted with an addition funnel and the condenser is set to reflux. At 140° C, 23.6 parts (0.17 
equivalents) methanesulfonic acid in 432 parts (3 equivalents) Alfol 810 alcohol is added in about 20 minutes. The 
contents are stirred overnight at reflux while collecting water in a Dean Stark trap. Then added is 185 parts (2.5 equiv- 

55 alents) of n-butanol containing therein 3.0 parts (0.02 equivalents) of methanesulfonic acid. This addition occurs over 
a 60 minute time period. The contents are maintained at reflux for 8 hours and then an additional 60 parts (0.8 equiv- 
alents) n-butanol is added and the contents are permitted to reflux overnight. At 142°C. is added 49.5 parts (0.34 
equivalents) aminopropylmorpholine in 60 minutes. After a 2 hour reflux 13.6 parts (equivalents) 50% aqueous sodium 
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hydroxide is added over 60 minutes and after an additional 60 minutes of stirring there is added 1 7 parts of an alkylated 
phenol. 

[0061] To a 1 liter flask is added 495 parts of the above esterified product. The contents are heated to 140*C. and 
337 parts Sunyl® 80 is added. Solvent is removed at 155*0. with nitrogen blowing at 1 cubic foot per hour. The final 
5 stripping conditions are 155°C. and 20 mm Hg. At 100°C. the contents are filtered using diatomaceous earth. The 
filtrate is a vegetable oil solution of the nitrogen-containing mixed ester having a nitrogen content of 0.14%. 
[0062] Examples (B-10) and (B-11) employ an interpolymerizable monomer as part of the carboxy-containing inter- 
polymer. 

10 Example (B-10) 

[0063] One mole each of maleic anhydride and styrene and 0.05 moles methyl methacrylate are polymerized in 
toluene in the presence of benzoyl peroxide (1 .5 parts) at 75-95°C. The resulting interpolymer has a reduced specific 
viscosity of 0. 1 3 and is a 1 2% slurry in toluene. Added to a 2 liter 4 neck flash is 868 parts (1 equivalent) of the polymer 

'5 along with 68 parts (0.25 equivalents) oleyl alcohol, 55 parts (0.25 equivalents) Neodol 45, 55 parts (0.25 equivalents) 
Alfol 1218 and 36 parts (0.25 equivalents) Alfol 8-10. The contents are heated to 115°C and added is 2 parts (0.02 
moles) methanesulfonic acid. After a 2 hour reaction period, toluene is distilled off. With a neutralization number of 
18.7 to phenolphthalein (indicating an 89% esterification), 15 parts (0.20 equivalents) n-butanol is added dropwise 
over 5 hours. The neutralization number/esterification level is 14.0/92.5%. Then added is 1.6 parts (0.02 moles) 50% 

20 aqueous sodium hydroxide to neutralize the catalyst. This is followed by the addition of 5.5 parts (0.038 equivalents) 
of aminopropylmorpholine and 400 parts Sunyl® 80. The contents are vacuum stripped to 15 millimeters mercury at 
100°C and filtered using a diatomaceous earth filter aid. The filtrate is the product containing 0.18 percent nitrogen 
and 54.9 percent Sunyl® 80. 

[0064] The following example is similar to Example (B-10) but employs different alcohols and different levels in a 
25 different order of addition. 

Example (B-11) 

[0065] Added to a 2 liter 4 neck flask is 868 parts (1 equivalent) of the polymer of Example (B-1 0), 9.25 parts (0. 1 25 
30 equivalents) isobutyl alcohol, 33.8 parts (0.1 25 equivalents) oleyl alcohol, 11 parts each (0.1 25 equivalents) of 2-methyl- 
1 -butanol, 3-methyl-1 -butanol and 1 -pentanol, 23.4 parts (0. 1 25 equivalents) hexyl alcohol, and 1 6.25 parts each (0. 1 25 
equivalents) 1-octanol and 2-octanol. At 110°C 2 parts (0.02 moles) methanesulfonic acid is added. One hour later 
toluene is distilled off and when the distillation is complete, the neutralization number/esterification level is 62.5/70 
percent. At 140°C 31.2 parts (0.43 equivalents) n-butanol is added dropwise over 28 hours and the neutralization 
35 number/esterification level is 36.0/79.3 percent. At 1 20° C 0.3 parts (0.03 moles) methanesulfonic acid is added followed 
by 20.4 parts (0.20 equivalents) hexyl alcohol. After esterification the neutralization number/esterification level is 
1 0.5/95 percent. Then added is 1 .9 parts (0.023 moles) of 50% sodium hydroxide followed by 5.9 parts (0.04 equivalents 
aminopropylmorpholine and 400 parts Sunyl® 80. The contents are filtered and the product has a nitrogen analysis of 
0.18 percent. 

40 

Acrylate Polymers 

[0066] In another aspect Component (B) may be at least one hydrocarbon-soluble acrylate polymer of the formula 



wherein R 5 is hydrogen or a lower alkyl group containing from 1 to 4 carbon atoms, R 6 is a mixture of alkyl, cycloalkyl 
or aromatic groups containing from 4 to 24 carbon atoms, and x is an integer providing a weight average molecular 
weight (Mw) to the acrylate polymer of 5000 to 1 ,000,000. 

[0067] Preferably R 5 is a methyl or ethyl group and more preferably, a methyl group. R 6 is primarily a mixture of alkyl 
groups containing from 4 to 18 carbon atoms. In one embodiment, the weight average molecular weight of the acrylate 
polymer is from 100,000 to 1,000,000 and in other embodiments, the molecular weight of the polymer may be from 



45 



R 5 



50 
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100,000 to 700,000 and 300,000 to 700,000. 

[0068] Specific examples of the alkyl groups R 6 which may be included in the polymers of the present invention 
include, for example, n-butyl, octyl, decyl, dodecyl, tridecyl, octadecyl, hexadecyl, octadecyl. The mixture of alkyl groups 
can be varied so long as the resulting polymer is hydrocarbon-soluble. 

[0069] The following non -limiting examples are illustrative of the preparations of the aery late polymers of the present 
invention. All parts and percentages are by weight unless indicated to the contrary 

Example (B-12) 

[0070] Added to a 2 liter 4 neck flask is 50.8 parts (0.20 moles) lauryl methacrylate, 44.4 parts (0.20) isobomyl 
methacrylate, 38.4 parts (0.20 moles) 2-phenoxy ethyl acryiate, 37.6 parts (0.20 moles) 2-ethylhexyl acrylate, 45.2 
parts (0.20 moles) isodecyl methacrylate and 500 parts toluene. At 100°C 1 parts Vazo® 67 (2,2" azobis(2-methylbu- 
tyronitrile)) in 20 parts toluene is added over 7 hours. The reaction is held at 100°C for 16 hours after which the 
temperature is increased to 120°C to remove toluene and added is 216 parts of Sunyl® 80. Votatiles are removed by 
vacuum distillation at 20 millimeters mercury at 140°C. The contents are filtered to give the desired product. 

Example (B-1 3) 

[0071] Added to a 2 liter 4 neck flask is 38.1 parts (0.15 moles) lauryl methacrylate, 48.6 parts (0.15 moles) stearyl 
acrylate, 28.2 parts (0.15 moles) 2-ethylhexyl methacrylate, 25.5 parts (0.15 moles) tetrahydrofurfuryl methacrylate, 
33.9 parts (0.15 moles) isodecyl methacrylate and 500 parts toluene. At 100°C 1 part Vazo® 67 in 20 parts toluene is 
added dropwise in 6 hours. After the addition is complete, the reaction mixture is held at 100°C for 15.5 hours, toluene 
is distilled out and 174 parts Sunyl® 80 is added. The contents are vacuum stripped at 140°C at 20 millimeters of 
mercury and filtered to give the desired product. 

[0072] An example of a commercially available methacrylate ester polymer which has been found to be useful in the 
present invention is sold under the tradename of "Acryloid 702" by Rohm and Haas, wherein R 5 is predominantly a 
mixture of n-butyl, tridecyl, and octadecyl groups. The weight average molecular weight (Mw) of the polymer is about 
404,000 and the number average molecular weight (Mn) is about 118,000. Another commercially available methacrylate 
polymer useful in the present invention is available under the tradename of "Acryloid 954° by Rohm and Haas, wherein 
R 5 is predominantly a mixture of n-butyl, decyl, tridecyl, octadecyl, and tetradecyl groups. The weight average molecular 
weight of Acryloid 954 is found to be about 440,000 and the number average molecular weight is about 111 ,000. Each 
of these commercially available methacrylate polymers is sold in the form of a concentrate of about 40% by weight of 
the polymer in a light-colored mineral lubricating oil base. When the polymer is identified by the tradename, the amount 
of material added is intended to represent an amount of the commercially available Acryloid material including the oil. 
[0073] Other commercially available polymethacrylates are available from Rohm and Haas Company as Acryloid 
1 253, Acryloid 1 265, Acryloid 1 263, Acryloid 1 267, from Rohm GmbH as Viscoplex 0-41 0, Viscoplex 1 0-930, Viscoplex 
5029, from Societe Francaise D'Organo-Synthese as Garbacryl T-84, Garbacryl T-78S, from Texaco as TLA 233, TLA 
5010 and TC 10124. Some of these polymethacrylates may be PMA/OCP (olefin copolymer) type polymers. 

Nitrogen-Containing Polyacrylate 

[0074] Component (B) may also be a nitrogen-containing polyacrylate prepared by reacting an acrylate ester of the 
formula 



R 9 0 



CH^ = C 



11 in 
COR 10 



wherein R 9 is hydrogen or an alkyl group containing from 1 to 4 carbon atoms and R 10 is an alkyl, cycloalkyl or aromatic 
group containing from 4 to 24 carbon atoms with a nitrogen containing compound. For each mole of the acrylate ester 
from 0.001 - 1 .0 moles of the nitrogen containing compound is employed. The reaction is carried out at a temperature 
of from 50°C up to 250°C. Non-limiting examples of nitrogen containing compounds are 4-vinylpyridine, 2-viny!pyridine, 
2-n-morpholinoethyl acrylate, N,N-dimethylaminoethyl acrylate, and N,N-dimethylaminopropyl methacrylate. 
[0075] The following non-limiting example is illustrative of the preparation of the nitrogen-containing polymethacr- 
ylate. All parts and percentages are by weight unless indicated otherwise. 
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Example (B-14) 

[0076] Added to a 2 liter 4 neck flask is 50.8 parts (0.2 moles) lauryl methacrylate, 44.4 parts (0.20 moles) isobornyl 
methacrylate, 38.4 parts (0.20 moles) 2-phenoxyethyl acrylate, 37.6 parts (0.20 moles) 2-ethylhexyl acrylate, 45.2 parts 

5 (0.20 moles) isodecyl methacrylate, 21 parts (0.20 moles) 4-vinylpyridine and 500 parts toluene. At 100°C 1 part Vazo 
67 in 20 parts toluene is added dropwise in 8 hours. After maintaining the temperature at 100°C for an additional 20 
hours, an additional 0.5 parts Vazo 67 in 10 parts toluene is added in 3 hours. Toluene is then removed by distillation, 
235 parts Sunyf® 80 is added and the contents are vacuum stripped to 25 millimeters mercury at 140°C. The contents 
are filtered to give a product with 0.71 percent nitrogen. 

10 [0077] A few companies that make nitrogen-containing polyacrylates are Rohm and Haas, Rohm GmbH, Texaco, 
Albright & Wilson, Societe Francaise and D'Organo-Synthese (SFOS). 

Methylene Linked Aromatic Compounds 

is [0076] Another PPD having utility in this invention is a mixture of compounds having the general structural formula: 

Ar — (R 7 ) — [-Ar'(R 8 )] n Ar" 

20 wherein the Ar, Ar' and Ar" are independently an aromatic moiety and each aromatic moiety is substituted with 0 to 3 
substituents (the preferred aromatic precursor being naphthalene), R 7 and R 8 are independently straight or branch 
chain alkylenes containing 1 to 100 carbon atoms and n is 0 to 1000. 

[0079] This PPD is characterized by the presence of compounds over a wide molecular weight range. The molecular 
weight of compounds in the composition of the invention could vary from that of a simple unsubstituted benzene to a 
25 polymer of 1 000 monomers of trisubstituted naphthalenes linked by alkylenes containing as many as 1 00 carbon atoms 
with the substituents of the naphthalene containing 1 to 50 carbon atoms. 

[0080] The substituents for the aromatic moieties are obtained from olefins and/or chlorinated hydrocarbons. 

[0081] The useful olefins include 1-octene, 1-decene, and alpha-olefins of chain lengths C 12 , C 14 , C 16 . 18 , C 15 . 20 , 

c 20-24- c 24-28 More preferably the invention process is carried out with olefins which are mixtures of the above. A good 
30 example would be the C 15 . 2 o cracked wax olefins, or a mixture of 1 -octene and C 16 _ 18 alpha olefin. 

[0082] The chlorinated hydrocarbons might contain from 1 -50 carbon atoms and from 2 to 84% chlorine by weight. 

Preferred chlorinated hydrocarbons are obtained by chlorinating slack waxes or paraffinic waxes of C 1Q . 30 chain length 

so that they contain from 5-50% chlorine by weight. A particularly preferred chlorinated hydrocarbon, being one of 

about 24 carbons containing about 2.5 chlorines per 24 carbon atoms. 
35 [0083] Although Ar, Ar* and Ar" may be any aromatic containing 1 to 3 aromatic rings, it is preferable if Ar, Ar* and 

Ar" are all the same. Further, it is preferable if Ar, Ar' and Ar M are fused benzene rings, i.e., when two or three benzene 

rings are present, the adjoining rings share two carbon atoms. Most preferably, Ar, Ar' and Ar" are all derived from 

naphthalene. 

[0084] Aromatics which might be precursors of Ar, Ar* and Ar" include benzene, biphenyl, diphenylmethane, triphe- 
40 nylmethane, aniline, diphenylamine, diphenylether, phenol, naphthalene, anthracene and phenanthrene. Naphthalene 
is particularly preferred. 

[0085] Although the aromatic groups of the general formula above can contain 0 to 3 substituents, the composition 
will desirably contain compounds with one or two substituents and will preferably include compounds with two substit- 
uents. The substituents may be derived from any olefin (preferably an alpha olefin containing 8 to 30 carbon atoms) 

45 or derived from a chlorinated hydrocarbon containing 8 to 50 carbon atoms (preferably a chlorinated hydrocarbon 
derived from a hydrocarbon wax containing 22-26 carbon atoms). In addition to or in place of forming the substituents, 
the olefin and/or chlorinated hydrocarbon may form the alkylene linking group (R 7 and R 8 group) of the general structural 
formula. Compositions of the invention might include compounds wherein each of the naphthalene groups is substituted 
with one alkyi group containing 16 to 18 carbon atoms and one derived from a chlorinated hydrocarbon containing 

50 about 24 carbon atoms with about 2.5 chlorine atoms present for each 24 carbon atoms. 

[0086] The desired material is a mixture of products which include alkylated naphthalenes, coupled and bridged 
naphthalenes, oligomers and dehydrohalogenated waxes. The mw distribution of the final product is a more useful 
characterization of the final product. A useful mw range is from 300-2000. A more useful mw range is from 500 to 
10,000. A preferred distribution is from 400 to 112,000. The most useful distribution is from 271 to 300,000. 

55 [0087] A methylene linked aromatic compound PPD may be produced according to the following general process: 

(a) providing aromatic compounds containing 1 to 3 aromatic rings which compounds are substituted with 0 to 3 
substituents, the compounds being precursors for aromatic moieties Ar, Ar* and Ar" in a reactor; 
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(b) adding a FRIE DEL-CRAFTS or Lewis Acid catalyst to the reactor; 

(c) adding a chlorinated hydrocarbon to the reactor; 

(d) adding an olefin to the reactor and 

(e) adding CH 2 C1 2 to the reactor wherein step (e) is carried out prior to or concurrently with at least one step of 
(a)-(d). 

[0088] As indicated above, the aromatic compounds forming Ar, Ar* and Ar" groups in the compound of the general 
formula are preferably naphthalene. If the aromatic compound is substituted, it is substituted with an alkyl or alkenyl, 
either of which may be chlorine substituted, branched or straight chain. Accordingly, in accordance with one embodi- 
ment of the process of the present invention, naphthalene is mixed with methylene chloride in a reaction flask. At this 
point, the methylene chloride acts as a solvent. A FRIEDEL-C RAFTS or Lewis Acid catalyst is then added to the 
mixture. The catalyst is preferably in the form of A1C1 3 . After adding the catalyst, a chlorinated hydrocarbon (most 
preferably one containing 22-26 carbons) is added to the reaction flask and a reaction occurs between the naphthalene 
and the chlorinated hydrocarbon wax such that the naphthalene is substituted with an alkyl group derived from the 
chlorinated hydrocarbon wax. Furthermore, linking will occur between naphthalene compounds via methylene group 
as shown within the general structural formula (R 7 ) or (R 8 ) is CH 2 . 

[0089] The mixture is then preferably cooled to a temperature in the range of 0° to 5°C. While continuing to cool the 
vessel, an olefin (preferably an alpha-olefin containing 8 to 30 carbon atoms) is added slowly so that the temperature 
is continually maintained in the range of 0°C to 5°C. Alkylation of the naphthalene compounds occurs so that the 
naphthalenes are substituted with an alkyl group derived from said olefin. The catalyst is decomposed and is neutralized 
with a base such as lime after which stirring is continued while the temperature is raised first to 60°C and then to 1 20°C 
to remove the volatile components of the reaction mixture. The mixture is filtered and the desired product is isolated. 
[0090] Chlorinated hydrocarbons which may form a substituent on one or more of the aromatic moieties may contain 
1 to 50 carbon atoms. If a chlorinated hydrocarbon containing 50 carbon atoms forms a substituent and is linked to 
another 50 carbon atom substituent on another aromatic moiety, the aromatic moieties will be linked by an alkylene 
containing 100 carbons, i.e., (R 7 ) or (R 8 ) is about 100 carbon atoms. However, the aromatic moieties Ar may be linked 
by a single CH 2 , i.e., an alkylene containing a single carbon atom wherein (R 7 ) or (R 8 ) is CH 2 . 
[0091] The general process for producing this PPD can be carried out over a wide range of ratios of components. 
To describe the ratio of the components added in steps (a), (b), (c), (d) and (e) the components will be referred to 
respectively by the letters (a'), (b*), (c 1 ), (d') and (e 1 ). All that is necessary is that (e') be present in sufficient amount so 
that at least some methylene linking occurs between components (a') and/or that (b'), (c') and (d') be present in sufficient 
amounts so that there is at least some substitution of (a 1 ) by (c') and (d') as catalyzed by (b'). The components (a'), 
(b'), (C), (d 1 ) and (e') might be present in weight ratios of (a'Wb'Mc'Md'Me') in the ranges of about (1):(.01-1):(0.5-6): 
(0.5-22):(1 -40) and most preferably (1):(0.2):(3):(11):(20); all ratios are in parts by weight. 

[0092] The process can be carried out over a wide range of temperatures above the freezing point and up to the 
boiling points of the reaction mixture present at any point in steps (a)-(e). The boiling point of (e'), i.e., methylene 
chloride is about 40°C, however, the maximum reaction temperature may be higher or lower than 40°C at atmospheric 
pressure due to the presence of other reactants. The process has been carried out at subatmospheric or superatmos- 
pheric pressure. 

EXAMPLE B-10 

[0093] Naphthalene is mixed with seven parts of CH 2 C1 2 and 0.2 parts of A1C1 3 . Chlorinated hydrocarbon (2.7 
parts) is added slowly into the reaction mixture at 1 5°C. The reaction mixture is held for 5 hours at ambient temperature 
or until the release of HC1 is complete. The mixture is then cooled to about 5°C and 7.3 parts of an alpha olefin mixture 
is added over 2 hours while maintaining the temperature of the reaction mixture between 0 and 10°C. 
[0094] The catalyst is decomposed by the careful addition of 0.8 parts 50% aqueous NaOH. The aqueous layer is 
separated and the organic layer is purged with IS^ and heated to 140°C and 3mm Hg to remove the volatiles. The 
residue is filtered to yield 97% of the theoretical yield weight of the product. 

(C) The Additive 

[0095] In addition to components (A) and (B) the composition of this invention may also include (C) (4) an antioxidant 
additive. The composition may also includes (C) (1)-(3). The performance may be enhanced by these additives in the 
areas of anti-wear, oxidation and inhibition, rust/corrosion inhibition, metal passivation, extreme pressure, friction mod- 
ification, viscosity modification, foam inhibition, emulsification, demulsification, lubricity, dispersancy and detergency, 
for example. 
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(C) (1 ) is a compound of the formula R 11 A wherein R 11 is an aliphatic group containing from 6 to 24 carbon atoms 
and A is -COOH and/or -OH or -N0 3 ; 
(C) (2) is a Schiff base; 

(C) (3) is a carboxylic dispersant composition; and 
5 (C) (4) is an antioxidant comprising (a) and (b) and (c) as described below. 

(C) (1) The R 11 A Compound 

[0096] The R 11 A compound is either a carboxylic acid or alcohol or a mixture thereof or an organic nitrate. When A 
io is -COOH, R 11 preferably contains from 12 to 24 carbon atoms and most preferably from 14 to 20 carbon atoms. The 
most preferred carboxylic acid is oleic acid. 

[0097] When A is -OH, R 11 preferably contains from 6 to 1 2 carbon atoms. Preferred alcohols are the isomeric octyl 
alcohols, especially iso octyl alcohol. 

[0098] When A is -N0 3 , R 11 preferably contains from 6 to 12 carbon atoms. Preferred nitrates are the isomeric octyl 
*s nitrates, especially 2-ethylhexyl nitrate. 

(C) (2) The Schiff Base 

[0099] A Schiff base which may be used in this invention is of the formula 

20 

H H 

R^CHN^.CH,*-^ 



wherein R 12 is an aliphatic group containing from 1 to 8 carbon atoms and R 13 is an aliphatic group containing from 1 
to 18 carbon atoms or an aromatic or substituted aromatic group containing from 6 to 18 carbon atoms and n is 0 or 1 . 
30 [0100] The Schiff base is formed by the reaction of a primary amine with an aldehyde. The amine may be a mono 
primary amine such that n is 0 or a vicinal di primary amine such that n is 1 . 



35 H H 

R"CH 2 NH 2 + O-CR — ► R CH 2 N=CR 



40 

R 12 CH 2 NH 2 H u ? , 3 

I ^ „ n '13 r"cH_N-Cr" 

| + 2 0=CR — ► • 2 

CH 2 NH 2 I H 

CH 2 N=CR 



50 



[0101] The following Table I is directed to the preparation of Schiff bases. The amine is added dropwise to the alde- 
hyde or vice-versa, and the contents are heated until the desired amount of water is obtained. 



TABLE I 



55 



Example No. C-2 


Primary Amine 


Aldehyde 


n 


1 


dodecylamine 


n-butylaldehyde 


0 

' I 
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TABLE I (continued) 



I Example No. C-2 


Primary Amine 


Aldehyde 


n 


I 2 


t-butylamine 


benzaldehyde 


0 


3 


ethylene diamine 


p-tolualdehyde 


1 


I 4 


propylenediamine 


salicylaldehyde 


1 i 


! 5 


2-ethylhexylamine 


p-nitrobenzaldehyde 


0 



10 

(C) (3) The Carboxvlic Dispersant Composition 

[0102] The carboxylic dispersant composition is characterized by the presence within its molecular structure of (i) at 
least one polar group selected from acyl, acyloxy or hydrocarbyl-imidoyl groups, and (ii) at least one group in which a 
1S nitrogen or oxygen atom is attached directly to said group (i), and said nitrogen or oxygen atom also is attached to a 
hydrocarbyl group. The structures of the polar group (i), as defined by the International Union of Pure and Applied 
Chemistry, are as follows (R 27 representing a hydrocarbon or similar group): 



20 

Acyl: 

25 

Acyloxy: 




NR 
27 " 

Hydrocarbylimidoyl: R — C — 



[0103] Group (ii) is preferably at least one group in which a nitrogen or oxygen atom is attached directly to said polar 
group, said nitrogen or oxygen atom also being attached to a hydrocarbon group or substituted hydrocarbon group, 
especially an amino, alkylamino-, polyalkylene-amino-, hydroxy- or alkyleneoxy -substituted hydrocarbon group. With 

40 respect to group (ii), the dispersants are conveniently classified as "nitrogen-bridged dispersants" and "oxygen-bridged 
dispersants" wherein the atom attached directly to polar group (i) is nitrogen or oxygen, respectively. 
[0104] Generally, the carboxylic dispersants can be prepared by the reaction of a hydrocarbon-substituted succinic 
acid-producing compound (herein sometimes referred to as the "succinic acylating agent") with at least about one-half 
equivalent, per equivalent of acid-producing compound, of an organic hydroxy compound, or an amine containing at 

45 least one hydrogen attached to a nitrogen group, or a mixture of said hydroxy compound and amine. The carboxylic 
dispersants (C-4) obtained in this manner are usually complex mixtures whose precise composition is not readily iden- 
tifiable. The nitrogen- containing carboxylic dispersants are sometimes referred to herein as "acylated amines". The 
compositions obtained by reaction of the acylating agent and alcohols are sometimes referred to herein as "carboxylic 
ester" dispersants. The carboxylic dispersants (C-3) are either oil-soluble, or they are soluble in the oil-containing 

50 lubricating and functional fluids of this invention. 

[01 05] The soluble nitrogen-containing carboxylic dispersants useful as component (C-3) in the compositions of the 
present invention are known in the art and have been described in many U.S. patents including 





3,172,892 


3,341 ,542 


3,630,904 


55 


3,219,666 


3,444,170 


3,787,374 




3,272,746 


3,454,607 


4,234,435 




3,316,177 


3,541,012 
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The carboxylic ester dispersants useful as (C-3) also have been described in the prior art. Examples of patents de- 
scribing such dispersants include U.S. Patents 3,381 ,022; 3,522,179; 3,542,678; 3,957,855; and 4,034,038. Carboxylic 
dispersants prepared by reaction of acylating agents with alcohols and amines or amino alcohols are described in, for 
example, U.S. Patents. 3,576,743 and 3,632,511. 

5 [0106] In general, a convenient route for the preparation of the nitrogen -containing carboxylic dispersants (C-3) 
comprises the reaction of a hydrocarbon-substituted succinic acid -producing compound ("carboxylic acid acylating 
agent') with an amine containing at least one hydrogen attached to a nitrogen atom (i.e., H-N<). The hydrocarbon- 
substituted succinic acid-producing compounds include the succinic acids, anhydrides, halides and esters. The number 
of carbon atoms in the hydrocarbon substituent on the succinic acid-producing compound may vary over a wide range 

10 provided that the nitrogen-containing composition (C-3) is soluble in the lubricating compositions of the present inven- 
tion. Thus, the hydrocarbon substituent generally will contain an average of at least 12 aliphatic carbon atoms and 
preferably will contain an average of at least 50 aliphatic carbon atoms. In addition to the oil-solubility considerations, 
the lower limit on the average number of carbon atoms in the substituent also is based upon the effectiveness of such 
compounds in the lubricating oil compositions of the present invention. The hydrocarbyl substituent of the succinic 

'5 compound may contain polar groups as indicated above, and, providing that the polar groups are not present in pro- 
portion sufficiently large to significantly alter the hydrocarbon character of the substituent. 

[0107] The sources of the substantially hydrocarbon substituent include principally the high molecular weight sub- 
stantially saturated petroleum fractions and substantially saturated olefin polymers, particularly polymers of mono- 
olefins having from 2 to 30 carbon atoms. The especially useful polymers are the polymers of 1 -mono-olef ins such as 
20 ethylene, propene, 1-butene, isobutene, 1-hexene, 1-octene, 2-methyl-1-heptene, 3-cyclohexyl-1 -butene, and 2-me- 
thyl-5-propyl-1 -hexene. Polymers of medial olefins, i.e., olefins in which the olefinic linkage is not at the terminal posi- 
tion, likewise are useful. They are illustrated by 2-butene, 2-pentene, and 4-octene. 

[0108] Also useful are the interpolymers of the olefins such as those illustrated above with other interpolymerizable 
olefinic substances such as aromatic olefins, cyclic olefins, and polyolefins. Such interpolymers include, for example, 
25 those prepared by polymerizing isobutene with styrene; isobutene with butadiene; propene with isoprene, ethylene 
with piperylene; isobutene with chloroprene; isobutene with p-methyl styrene; 1-hexene with 1 ,3-hexadiene; 1-octene 
with 1-hexene; 1-heptene with 1-pentene; 3-methyM -butene with 1-octene; 3,3-dimethyl-1-pentene with 1-hexene; 
isobutene with styrene and piperylene. 

[01 09] The relative proportions of the mono-olef ins to the other monomers in the interpolymers influence the stability 

30 and oii-solubility of the final products derived from such interpolymers. Thus, for reasons of oil-solubility and stability 
the interpolymers contemplated for use in this invention should be substantially aliphatic and substantially saturated, 
i.e., they should contain at least about 80%, preferably at least 95%, on a weight basis of units derived from the aliphatic 
monoolefins and no more than about 5% of olefinic linkages based on the total number of carbon-to-carbon covalent 
linkages. In most instances, the percentage of olefinic linkages should be less than 2% of the total number of carbon- 

35 to-carbon covalent linkages. 

[01 1 0] Specific examples of such interpolymers include copolymer of 95% (by weight) of isobutene with 5% of styrene; 
terpolymer of 98% of isobutene with 1% of piperylene and 1% of chloroprene; terpolymer of 95% of isobutene with 2% 
of 1 -butene and 3% of 1-hexene, terpolymer of 80% of isobutene with 20% of 1 -pentene and 20% of 1 -octene; copol- 
ymer of 80% of 1-hexene and 20% of 1 -heptene; terpolymer of 90% of isobutene with 2% of cyclohexene and 8% of 

40 propene; and copolymer of 80% of ethylene and 20% of propene. 

[0111] Another source of the substantially hydrocarbon group comprises saturated aliphatic hydrocarbons such as 
highly refined high molecular weight white oils or synthetic alkanes such as are obtained by hydrogenation of high 
molecular weight olefin polymers illustrated above or high molecular weight olefinic substances. 
[0112] The use of olefin polymers having molecular weights (Mn) of 700-10,000 is preferred. Higher molecular weight 

45 olefin polymers having molecular weights (Mn) from 10,000 to 100,000 or higher have been found to impart also vis- 
cosity index improving properties to the final products of this invention. The use of such higher molecular weight olefin 
polymers often is desirable. Preferably the substituent is derived from a polyolefin characterized by an Mn value of 
700 to 1 0,000, and an Mw/Mn value of 1 .0 to 4.0. 

[0113] In preparing the substituted succinic acylating agents of this invention, one or more of the above-described 
50 polyalkenes is reacted with one or more acidic reactants selected from the group consisting of maleic or fumaric reac- 
tants such as acids or anhydrides. Ordinarily the maleic or fumaric reactants will be maleic acid, fumaric acid, maleic 
anhydride, or a mixture of two or more of these. The maleic reactants are usually preferred over the fumaric reactants 
because the former are more readily available and are, in general, more readily reacted with the polyalkenes (or de- 
rivatives thereof) to prepare the substituted succinic acid-producing compounds useful in the present invention. The 
55 especially preferred reactants are maleic acid, maleic anhydride, and mixtures of these. Due to availability and ease 
of reaction, maleic anhydride will usually be employed. 

[0114] For convenience and brevity, the term "maleic reactant" is often used hereinafter. When used, it should be 
understood that the term is generic to acidic reactants selected from maleic and fumaric reactants including a mixture 
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of such reactants. Also, the term "succinic acylating agents' is used herein to represent the substituted succinic acid- 
producing compounds. 

[0115] One procedure for preparing the substituted succinic acylating agents useful in this invention is illustrated, in 
part, in U.S. Patent 3,219,666. This procedure is conveniently designated as the "two-step procedure". It involves first 

5 chlorinating the polyalkene until there is an average of at least about one chloro group for each molecular weight of 
polyalkene. (For purposes of this invention, the molecular weight of the polyalkene is the weight corresponding to the 
Mn value.) Chlorination involves merely contacting the polyalkene with chlorine gas until the desired amount of chlorine 
is incorporated into the chlorinated polyalkene. Chlorination is generally carried out at a temperature of 75°C to 1 25°C. 
If a diluent is used in the chlorination procedure, it should be one which is not itself readily subject to further chlorination. 

w Poly- and perchlorinated and/or fluorinated alkanes and benzenes are examples of suitable diluents. 

[0116] The second step in the two-step chlorination procedure, for purposes of this invention, is to react the chlorin- 
ated polyalkene with the maleic reactant at a temperature usually within the range of 100°C to 200°C. The mole ratio 
of chlorinated polyalkene to maleic reactant is usually 1:1 . (For purposes of this invention, a mole of chlorinated poly- 
alkene is that weight of chlorinated polyalkene corresponding to the Mn value of the unchlorinated polyalkene.) How- 

15 ever, a stoichiometric excess of maleic reactant can be used, for example, a mole ratio of 1:2. If an average of more 
than about one chloro group per molecule of polyalkene is introduced during the chlorination step, then more than one 
mole of maleic reactant can react per molecule of chlorinated polyalkene. Because of such situations, it is better to 
describe the ratio of chlorinated polyalkene to maleic reactant in terms of equivalents. (An equivalent weight of chlo- 
rinated polyalkene, for purposes of this invention, is the weight corresponding to the Mn value divided by the average 

20 number of chloro groups per molecule of chlorinated polyalkene while the equivalent weight of a maleic reactant is its 
molecular weight.) Thus, the ratio of chlorinated polyalkene to maleic reactant will normally be such as to provide about 
one equivalent of maleic reactant for each mole of chlorinated polyalkene up to about one equivalent of maleic reactant 
for each equivalent of chlorinated polyalkene with the understanding that it is normally desirable to provide an excess 
of maleic reactant; for example, an excess of 5% to 25% by weight. Un reacted excess maleic reactant may be stripped 

25 from the reaction product, usually under vacuum, or reacted during a further stage of the process as explained below. 
[0117] The resulting polyalkene-substituted succinic acylating agent is, optionally, again chlorinated if the desired 
number of succinic groups are not present in the product. If there is present, at the time of this subsequent chlorination, 
any excess maleic reactant from the second step, the excess will react as additional chlorine is introduced during the 
subsequent chlorination. Otherwise, additional maleic reactant is introduced during and/or subsequent to the additional 

30 chlorination step. This technique can be repeated until the total number of succinic groups per equivalent weight of 
substituent groups reaches the desired level. 

[0118] Another procedure for preparing substituted succinic acid acylating agents useful in this invention utilizes a 
process described in U.S. Patent 3,912,764 and U.K. Patent 1,440,219. 

[0119] According to that process, the polyalkene and the maleic reactant are first reacted by heating them together 
35 jn a "direct alkylation" procedure. When the direct alkylation step is completed, chlorine is introduced into the reaction 
mixture to promote reaction of the remaining un reacted maleic reactants. According to the patents, 0.3 to 2 or more 
moles of maleic anhydride are used in the reaction for each mole of olefin polymer; i.e., polyalkylene. The direct alkyla- 
tion step is conducted at temperatures of 1 80-250°C. During the chlorine-introducing stage, a temperature of 1 60-225°C 
is employed. In utilizing this process to prepare the substituted succinic acylating agents of this invention, it would be 
40 necessary to use sufficient maleic reactant and chlorine to incorporate at least 1 .3 succinic groups into the final product 
for each equivalent weight of polyalkene. 

[0120] Another process for preparing the substituted succinic acylating agents of this invention is the so-called "one- 
step" process. This process is described in U.S. Patents 3,215,707 and 3,231,587. 

[0121] Basically, the one-step process involves preparing a mixture of the polyalkene and the maleic reactant con- 
45 taining the necessary amounts of both to provide the desired substituted succinic acylating agents of this invention. 
This means that there must be at least one mole of maleic reactant for each mole of polyalkene in order that there can 
be at least one succinic group for each equivalent weight of substituent groups. Chlorine is then introduced into the 
mixture, usually by passing chlorine gas through the mixture with agitation, while maintaining a temperature of at least 
about 140°C. 

so [0122] A variation of this process involves adding additional maleic reactant during or subsequent to the chlorine 
introduction but, for reasons explained in U.S. Patents 3,215,707 and 3,231,587, this variation is presently not as 
preferred as the situation where all the polyalkene and all the maleic reactant are first mixed before the introduction of 
chlorine. 

[0123] Usually, where the polyalkene is sufficiently fluid at 140° and above, there is no need to utilize an additional 
55 substantially inert, normally liquid solvent/diluent in the one-step process. However, as explained hereinbefore, if a 
solvent/diluent is employed, it is preferably one that resists chlorination. Again, the poly- and perchlorinated and/or 
-fluorinated alkanes, cycloalkanes, and benzenes can be used for this purpose. 

[0124] Chlorine maybe introduced continuously or intermittently during the one-step process. The rate of introduction 
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of the chlorine is not critical although, for maximum utilization of the chlorine, the rate should be about the same as 
the rate of consumption of chlorine in the course of the reaction. When the introduction rate of chlorine exceeds the 
rate of consumption, chlorine is evolved from the reaction mixture. It is often advantageous to use a closed system, 
including superatmospheric pressure, in order to prevent loss of chlorine so as to maximize chlorine utilization. 

5 [0125] The minimum temperature at which the reaction in the one-step process takes place at a reasonable rate is 
140 D C. Thus, the minimum temperature at which the process is normally carried out is in the neighborhood of 140°C. 
the preferred temperature range is usually between 160-220°C. Higher temperatures such as 250°C or even higher 
may be used but usually with little advantage. In fact, temperatures in excess of 220° C are often disadvantageous with 
respect to preparing the particular acylated succinic compositions of this invention because they tend to "crack" the 

10 polyalkenes (that is, reduce their molecular weight by thermal degradation) and/or decompose the maleic reactant. 
For this reason, maximum temperatures of 200-21 0 ft C are normally not exceeded. The upper limit of the useful tem- 
perature in the one-step process is determined primarily by the decomposition point of the components in the reaction 
mixture including the reactants and the desired products. The decomposition point is that temperature at which there 
is sufficient decomposition of any reactant or product such as to interfere with the production of the desired products. 

15 [0126] In the one-step process, the molar ratio of maleic reactant to chlorine is such that there is at least about one 
mole of chlorine for each mole of maleic reactant to be incorporated into the product. Moreover, for practical reasons, 
a slight excess, usually in the neighborhood of about 5% to about 30% by weight of chlorine, is utilized in order to offset 
any loss of chlorine from the reaction mixture. Larger amounts of excess chlorine may be used but do not appear to 
produce any beneficial results. 

20 [0127] The molar ratio of polyalkene to maleic reactant preferably is such that there is at least about one mole of 
maleic reactant for each mole of polyalkene. This is necessary in order that there can be at least 1 .0 succinic group 
per equivalent weight of substituent group in the product. Preferably, however, an excess of maleic reactant is used. 
Thus, ordinarily 5% to 25% excess of maleic reactant will be used relative to that amount necessary to provide the 
desired number of succinic groups in the product. 

25 [0128] The amines which are reacted with the succinic acid-producing compounds to form the nitrogen-containing 
compositions (C-3) may be monoamines and polyamines. The monoamines and polyamines must be characterized 
by the presence within their structure of at least one H-H< group. Therefore, they have at least one primary (i.e., H 2 N-) 
or secondary amino (i.e., 1 H-N<) group. The amines can be aliphatic, cycloaliphatic, aromatic, or heterocyclic, including 
aliphatic -substituted cycloaliphatic, aliphatic-substituted aromatic, aliphatic-substituted heterocyclic, cycloaliphatic- 

30 substituted aliphatic, cycloaliphatic substituted aromatic, cycloaliphatic -substituted heterocyclic, aromatic-substituted 
aliphatic, aromatic-substituted cycloaliphatic, aromatic-substituted heterocyc lie-substituted alicyclic, and heterocyclic- 
substituted aromatic amines and may be saturated or unsaturated. The amines may also contain non -hydrocarbon 
substituents or groups as long as these groups do not significantly interfere with the reaction of the amines with the 
acylating reagents of this invention. Such non -hydrocarbon substituents or groups include lower alkoxy, lower alky I 

35 mercapto, nitro, interrupting groups such as -O- and -S- (e.g., as in such groups as -CH 2 CH 2 -X-CH 2 CH 2 - where X is 
-O- or -S-). In general, the amine of (C-3) may be characterized by the formula 

R 14 R ,S NH 

40 

wherein R 14 and R 15 are each independently hydrogen or hydrocarbon, amino-substituted hydrocarbon, hydroxy-sub- 
stituted hydrocarbon, alkoxy-substituted hydrocarbon, amino, carbamyl, thiocarbamyl, guanyl and acylimidoyl groups 
provided that only one of R 14 and R 15 may be hydrogen. 

[0129] With the exception of the branched polyalkylene polyamine, the polyoxyalkylene polyamines, and the high 
^5 molecular weight hydrocarbyl-substituted amines described more fully hereafter, the amines ordinarily contain less 
than about 40 carbon atoms in total and usually not more than about 20 carbon atoms in total. 
[01 30] Aliphatic monoamines include mono-aliphatic and di-aliphatic substituted amines wherein the aliphatic groups 
can be saturated or unsaturated and straight or branched chain. Thus, they are primary or secondary aliphatic amines. 
Such amines include, for example, mono- and dialkyl-substituted amines, mono- and di-alkenyl-substituted amines, 
50 and amines having one N-alkenyl substituent and one N-alkyl substituent and the like. The total number of carbon 
atoms in these aliphatic monoamines will, as mentioned before, normally not exceed about 40 and usually not exceed 
about 20 carbon atoms. Specific examples of such monoamines include ethylamine, diethylamine, n-butylamine, di- 
n-butylamine, allylamine, isobutylamine, cocoamine, stearylamine, laurylamine, methyllaurylamine, oleyl-amine, N- 
methyl-octylamine, dodecylamine, octadecylamine, for example. Examples of cycloaliphatic-substituted aliphatic 
55 amines, aromatic-substituted aliphatic amines, and heterocyclic-substituted aliphatic amines, include 2-(cyclohexyl)- 
ethylamine, benzylamine, phenethylamine, and 3-(furylpropyl) amine. 

[0131] Cycloaliphatic monoamines are those monoamines wherein there is one cycloaliphatic substituent attached 
directly to the amino nitrogen through a carbon atom in the cyclic ring structure. Examples of cycloaliphatic monoamines 
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include cyclohexylamines, cyclopentylamines, cyclohexenylamines, cyclopentenylamines, N-ethyl-cyclohexylamine 
and dicyclohexylamines. Examples of aliphatic-substituted, aromatic-substituted, and heterocyclic-substituted cy- 
cloaliphatic monoamines include propyl-substituted cyclohexylamines, phenyl-substituted cyclopentylamines, and 
pyranyl-substituted cyclohexylamine. 

5 [01 32] Aromatic amines include those monoamines wherein a carbon atom of the aromatic ring structure is attached 
directly to the amino nitrogen. The aromatic ring will usually be a mononuclear aromatic ring (i.e., one derived from 
benzene) but can include fused aromatic rings, especially those derived from naphthalene. Examples of aromatic 
monoamines include aniline, di-(paramethylphenyl)amine, naphthylamine and N-N-dibutyl aniline. Examples of aliphat- 
ic-substituted, cycloaliphatic-substituted, and heterocyclic-substituted aromatic monoamines are para-ethoxyaniline, 

10 para-dodecylaniline, cyclohexyl-substituted naphthylamine, and thienyl-substituted aniline. 

[0133] The polyamines from which (C-3) is derived include principally alkylene amines conforming for the most part 
to the formula 

'5 A-N-(alkylene-N) . -H 

i r 

A A 

20 wherein t is an integer preferably less than 10, A is a hydrogen group or a substantially hydrocarbon group preferably 
having up to 30 carbon atoms, and the alkylene group is preferably a lower alkylene group having less than 8 carbon 
atoms. The alkylene amines include principally methylene amines, ethylene amines, hexytene amines, heptylene 
amines, octylene amines, other polymethylene amines. They are exemplified specifically by: ethylene diamine, trieth- 
ylene tetramine, propylene diamine, decamethylene diamine, octamethylene diamine, di(heptam ethylene) triamine, 

25 tripropylene tetramine, tetraethylene pentamine, trimethylene diamine, pentaethylene hexamine, di(trimethylene) tri- 
amine. Higher homologues such as are obtained by condensing two or more of the above-illustrated alkylene amines 
likewise are useful. 

[0134] The ethylene amines are especially useful. They are described in some detail under the heading "Ethylene 
Amines" in Encyclopedia of Chemical Technology, Kirk and Othmer, Vol. 5, pp. 898-905, Interscience Publishers, New 

30 York (1 950). Such compounds are prepared most conveniently by the reaction of an alkylene chloride with ammonia. 
The reaction results in the production of somewhat complex mixtures of alkylene amines, including cyclic condensation 
products such as piperazines. These mixtures find use in the process of this invention. On the other hand, quite sat- 
isfactory products may be obtained also by the use of pure alkylene amines. An especially useful alkylene amine for 
reasons of economy as well as effectiveness of the products derived therefrom is a mixture of ethylene amines prepared 

35 by the reaction of ethylene chloride and ammonia and having a composition which corresponds to that of tetraethylene 
pentamine. 

[0135] Hydroxyalkyl-substituted alkylene amines, i.e., alkylene amines having one or more hydroxyalkyl substituents 
on the nitrogen atoms, likewise are contemplated for use herein. The hydroxyalkyl-substituted alkylene amines are 
preferably those in which the alkyl group is a lower alkyl group, i.e., having less than about 6 carbon atoms. Examples 
40 of such amines include N-(2-hydroxyethyl) ethylene diamine, N, N'-bis(2-hydroxy-ethyl)-ethylene diamine, 1 -(2-hy- 
droxyethyl)piperazine, monohydroxypropyl)piperazine, di-hydroxypropyl-substituted tetraethylene pentamine, N- 
(3-hydroxypropyl)-tetra-methylene diamine, and 2-heptadecyM-(2-hydroxyethyl)-imidazoline. 

[01 36] Higher homologues such as are obtained by condensation of the above illustrated alkylene amines or hydroxy 
alkyl-substituted alkylene amines through amino radicals or through hydroxy radicals are likewise useful. It will be 
45 appreciated that condensation through amino radicals results in a high amine accompanied with removal of ammonia 
and that condensation through the hydroxy radicals results in products containing ether linkages accompanied with 
removal of water. 

[0137] Heterocyclic mono- and polyamines can also be used in making the nitrogen -containing compositions (C-3). 
As used herein, the terminology "heterocyclic mono- and po!yamine(s) n is intended to describe those heterocyclic 

50 amines containing at least one primary secondary amino group and at least one nitrogen as a heteroatom in the het- 
erocyclic ring. However, as long as there is present in the heterocyclic mono- and polyamines at least one primary or 
secondary amino group, the hetero-N atom in the ring can be a tertiary amino nitrogen; that is, one that does not have 
hydrogen attached directly to the ring nitrogen. Heterocyclic amines can be saturated or unsaturated and can contain 
various substituents such as nitro, alkoxy, alkyl mercapto, alkyl, alkenyl, aryl, alkaryl, or aralkyl substituents. Generally, 

55 the total number of carbon atoms in the substituents will not exceed 20. Heterocyclic amines can contain hetero atoms 
other than nitrogen, especially oxygen and sulfur. Obviously they can contain more than one nitrogen hetero atom. 
The 5- and 6-membered heterocyclic rings are preferred. 

[0138] Among the suitable heterocyclics are aziridines, azetidines, azolidines, tetra- and di-hydro pydridines, pyr- 
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roles, indoles, piperidines, imidazoles, di- and tetrahydroimidazoles, piperazines, isoindoles, purines, morpholines, 
thiomorpholines, N-aminoalkylmorpholines, N-aminoalkylthiomorpholines, N-aminoalkylpiperazines, N,N'-di-ami- 
noalkylpiperazines, azepines, azocines, azonines, azecines and tetra-, di- and perhydro derivatives of each of the 
above and mixtures of two or more of these heterocyclic amines. Preferred heterocyclic amines are the saturated 5- 

s and 6-membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur in the hetero ring, especially the 
piperidines, piperazines, thiomorpholines, morpholines, pyrrolidines, and the like. Piperidine, aminoalkyl-substituted 
piperidines, piperazine, aminoalkyl-substituted piperazines, morpholine. aminoalkyl-substituted morpholines, pyrroli- 
dine, and aminoalkyl-substituted pyrrolidines, are especially preferred. Usually the aminoalkyl substituents are substi- 
tuted on a nitrogen atom forming part of the hetero ring. Specific examples of such heterocyclic amines include N- 

10 aminiopropylmorpholine, N-aminoethylpiperazine, and N.N'-di-aminoethylpiperazine. 

[0139] The nitrogen-containing composition (C-3) obtained by reaction of the succinic acid-producing compounds 
and the amines described above may be amine salts, amides, imides, imidazolines as well as mixtures thereof. To 
prepare the nitrogen-containing composition (C-3), one or more of the succinic acid-producing compounds and one or 
more of the amines are heated, optionally in the presence of a normally liquid, substantially inert organic liquid solvent/ 

is diluent at an elevated temperature generally in the range of from 80°C up to the decomposition point of the mixture or 
the product. Normally, temperatures in the range of 100°C up to 300°C are utilized provided that 300°C does not 
exceed the decomposition point. 

[0140] The succinic acid-producing compound and the amine are reacted in amounts sufficient to provide at least 
about one-half equivalent, per equivalent of acid-producing compound, of the amine. Generally, the maximum amount 

20 of amine present will be about 2 moles of amine per equivalent of succinic acid-producing compound. For the purposes 
of this invention, an equivalent of the amine is that amount of the amine corresponding to the total weight of amine 
divided by the total number of nitrogen atoms present. Thus, octyl amine has an equivalent weight equal to its molecular 
weight; ethylene diamine has an equivalent weight equal to one-half its molecular weight; and aminoethyl piperazine 
has an equivalent weight equal to one-third its molecular weight. The number of equivalents of succinic acid-producing 

25 compound will vary with the number of succinic groups present therein, and generally, there are two equivalents of 
acylating reagent for each succinic group in the acylating reagents. Conventional techniques may be used to determine 
the number of carboxyl functions (e.g., acid number, saponification number) and, thus, the number of equivalents of 
acylating reagent available to react with amine. Additional details and examples of the procedures for preparing the 
nitrogen-containing compositions of the present invention by reaction of succinic acid-producing compounds and 

30 amines are included in, for example, U.S. Patents 3,172,892; 3,219,666; 3,272,746; and 4,234,435. 

[0141] Oxygen -bridged dispersants comprise the esters of the above-described carboxylic acids, as described (for 
example) in the aforementioned U.S. Patents 3,381,022 and 3,542,678. As such, they contain acyl or occasionally, 
acylimidoyl groups. (An oxygen-bridged dispersant containing an acyloxy group as the polar group would be a peroxide, 
which is unlikely to be stable under all conditions of use of the compositions of this invention.) These esters are pref- 

35 erably prepared by conventional methods, usually the reaction (frequently in the presence of an acidic catalyst) of the 
carboxylic acid-producing compound with an aromatic compound such as a phenol or naphthol. The preferred hydroxy 
compounds are alcohols containing up to 40 aliphatic carbon atoms. These may be monohydric alcohols such as 
methanol, ethanol, isooctanol, dodecanol, cyclohexanol, neopentyl alcohol and monomethyl ester of ethylene glycol, 
or polyhydric alcohols including ethylene glycol, diethylene glycol, dipropylene glycol, tetramethylene glycol, pentaer- 

*o ythritol, tris-(hydroxymethyl)aminomethane (THAM) and glycerol. Carbohydrates (e.g., sugars, starches, cellulose) are 
also suitable as are partially esterified derivatives of polyhydric alcohols having at least three hydroxy groups. 
[01 42] An especially preferred hydroxy compound reacted with the succinic acid producing compound is an organic 
hydroxy compound of the formula 



wherein R 16 and R 17 are aliphatic groups independently containing from 1 up to 8 carbon atoms, R 18 is an aliphatic 
group containing from 1 up to 8 carbon atoms and n is from 1 to 3. Preferably R 16 , R 17 and R 18 contain up to 3 carbon 
atoms and n is 1 . Most preferably the hydroxy compound is N.N-dimethylethanol amine. 

[0143] The reaction is usually effected at a temperature above 100°C and typically at 150-300°C. The esters may 
be neutral or acidic, or may contain unesterified hydroxy groups, according as the ratio or equivalents of acid-producing 
compound to hydroxy compound is equal to, greater than or less than 1:1. 
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H 1S (OH) n 
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[0144] As will be apparent, the oxygen -bridged dispersants are normally substantially neutral or acidic. They are 
among the preferred ester dispersants for the purposes of this invention. 

[0145] It is possible to prepare mixed oxygen- and nitrogen-bridged dispersants by reacting the acylating agent 
simultaneously or, preferably, sequentially with nitrogen -containing and hydroxy reagents may be between 10:1 and 

5 1 :1 0, on an equivalent weight basis. The methods of preparation of the mixed oxygen- and nitrogen-bridged dispersants 
are generally the same as for the individual dispersants described, except that two sources of group (ii) are used. As 
previously noted, substantially neutral or acidic dispersants are preferred, and a typical method of producing mixed 
oxygen- and nitrogen-bridged dispersants of this type (which are especially preferred) is to react the acylating agent 
with the hydroxy reagent first and subsequently react the intermediate thus obtained with a suitable nitrogen-containing 

to reagent in an amount to afford a substantially neutral or acid product. 

[0146] The following non-limiting examples are illustrative of the process for preparing the carboxylic dispersant 
compositions useful in this invention: 

Example (C-3)-1 

75 

[0147] A polyisobutenyl succinic anhydride is prepared by the reaction of a chlorinated polyisobutylene with maleic 
anhydride at 200°C. The polyisobutenyl group has an average molecular weight of 850 and the resulting alkenyl succinic 
anhydride is found to have an acid number of 11 3 (corresponding to an equivalent weight of 500). To a mixture of 500 
grams (1 equivalent) of this polyisobutenyl succinic anhydride and 160 grams of toluene there is added at room tem- 
20 perature 35 grams (1 equivalent) of diethylene triamine. The addition is made portionwise throughout a period of 15 
minutes, and an initial exothermic reaction caused the temperature to rise to 50°C. The mixture then is heated and a 
water-toluene azeotrope distilled from the mixture. When no more water distills, the mixture is heated to 150°C at 
reduced pressure to remove the toluene. The residue is diluted with 350 grams of mineral oil and this solution is found 
to have a nitrogen content of 1 .6%. 

25 

Example (C-3)-2 

[0148] The procedure of Example (C-3)-1 is repeated using 31 grams (1 equivalent) of ethylene diamine as the amine 
reactant. The nitrogen content of the resulting product is 1 .4%. 

30 

Example (C-3V3 

[0149] The procedure of Example (C-3)-1 is repeated using 55.5 grams (1 .5 equivalents) of an ethylene amine mix- 
ture having a composition corresponding to that of triethylene tetramine. The resulting product has a nitrogen content 
35 of 1.9%. 

Example (C-3)-4 

[0150] The procedure of Example (C-3)-1 is repeated using 55.0 grams (1 .5 equivalents) of triethylene tetramine as 
40 the amine reactant. The resulting product has a nitrogen content of 2.9%. 

Example (C-3)-5 

[0151] An acylated nitrogen composition is prepared according to the procedure of Example (C-3)-1 except that the 
45 reaction mixture consists of 3800 grams of the polyisobutenyl succinic anhydride, 376 grams of a mixture of triethylene 
tetramine and diethylene triamine (75:25) weight ratio), and 2785 grams of mineral oil. The product is found to have a 
nitrogen content of 2%. 

Example (C-3)-6 

50 

[0152] A mixture of 510 parts (0.28 mole) of polyisobutene (Mn=1845; Mw=5325) and 59 parts (0.59 mole) of maleic 
anhydride is heated to 110°C. This mixture is heated to 1 90°C in 7 hours during which 43 parts (0.6 mole) of gaseous 
chlorine is added beneath the surface. At 1 90-192°C an additional 11 parts (0.16 mole) of chlorine is added over 3.5 
hours. The reaction mixture is stripped by heating at 1 90-1 93°C with nitrogen blowing for 10 hours. The residue is the 
55 desired polyisobutene-substituted succinic acylating agent having a saponification equivalent number of 87 as deter- 
mined ASTM procedure D-94. 

[0153] A mixture is prepared by the addition of 10.2 parts (0.25 equivalent) of a commercial mixture of ethylene 
polyamines having from about 3 to about 10 nitrogen atoms per molecule to 113 parts of mineral oil and 161 parts 
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(0.25 equivalent) of the substituted succinic acylating agent at 130°C. The reaction mixture is heated to 150°C in 2 
hours and stripped by blowing with nitrogen. The reaction mixture is filtered to yield the filtrate as an oil solution of the 
desired product. 

Example (C-3)-7 



10 



is 



[0154] A mixture of 100 parts (0.495 mole) of polyisobutene (Mn=2020; Mw=6049) and 115 parts (1.17 moles) of 
maleic anhydride is heated to 100°C. This mixture is heated to 184°C in 6 hours during which 85 parts (1 .2 moles) of 
gaseous chlorine is added beneath the surface. At 184-189°C, an additional 59 parts (0.83 mole) of chlorine is added 
over 4 hours. The reaction mixture is stripped by heating at 186-1 90°C with nitrogen blowing for 26 hours. The residue 
is the desired potyisobutene-substituted succinic acylating agent having a saponification equivalent number of 87 as 
determined by ASTM procedure D-94. 

[0155] A mixture is prepared by the addition of 57 parts (1.38 equivalents) of a commercial mixture of ethylene 
polyamine having from about 3 to 10 nitrogen atoms per molecule to 1067 parts of mineral oil and 893 parts (1.38 
equivalents) of the substituted succinic acylating agent at 140-145°C. The reaction mixture is heated to 155°C in 3 
hours and stripped by blowing with nitrogen. The reaction mixture if filtered to yield the filtrate as an oil solution of the 
desired product. 



20 



Example (C-3)-8 

[0156] Added to 1000 parts (3.09 moles) of hexadecyl succinic anhydride is 278 parts (3.12 moles) of N.N-dimeth- 
ylethanolamine. The contents are heated to 93° C and held for 1 hour. The product has a nitrogen content of 3.3%. 



25 



(C)(4) The Antioxidant 

[0157] Antioxidants which are used according to the invention include alky I phenols, and benzotriazoles and aromatic 
amines. The alkyl phenol has the formula 



30 



OH 




40 [0158] The benzotriazole compound has the formula 



45 



SO 




wherein R 23 is a methyl group. When R 23 is 1 carbon atom the benzotriazole compound may be a tolyltriazole of the 
55 formula 
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Tolyltriazole is available under the trade name Cobratec TT-100 from Sherwin-Williams Chemical. 
[01 59] The aromatic amine has the formula 



NHR 



24 




.25 



wherein R 24 is 




o 



26 



and R 26 is a nonyl group. In a particularly advantageous embodiment, component (C) comprises a nonylateddiphe- 
nylamine of the formula 



H 

^-^T 1 "Tq3— 



(D) The Fuel 

[0160] The compositions of this invention, (A), (B) and (C)(4) can be added directly to fuels. Preferably, however, 
they are diluted with the fuel to form an additive concentrate. These concentrates usually contain from 10% to 80% by 
weight of the compositions of this invention and 20% to 90% by weight of the fuel. 

[0161] The fuel compositions of the present invention contain a major amount of a normally liquid fuel comprising 

(1) a hydrocarbonaceous petroleum distillate fuel such as motor gasoline as defined by ASTM specification D439 
and diesel fuel or fuel oil as defined by ASTM Specification D396. Normally liquid fuel compositions comprising 
non-hydrocarbonaceous materials such as alcohols, ethers, organo-n it ro compounds and the like (e.g., methanol, 
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ethanol, diethyl ether, methyl ethyl ether, nitromethane) are also within the scope of this invention, and liquid fuels 
which are mixtures of one or more hydrocarbonaceous fuels and one or more non-hydrocarbonaceous materials 
are also contemplated. Examples of such mixtures are combinations of gasoline and ethanol and of diesel fuel 
and ether. Particularly preferred is gasoline, that is, a mixture of hydrocarbons having an ASTM distillation range 
from 60°C at the 10% distillation point to 205°C at the 90% distillation point. 

Other fuels that can be employed are: 
(2) Synthetic ester base oils that comprise the reaction of a monocarboxylic acid of the formula 

R 19 COOH 

or a dicarboxylic acid of the formula 



CH-COOH 



(CH 2 ) m 



ClUCOOH 



with an alcohol of the formula 

R 21 (OH) n 

wherein R 19 is a hydrocarbyl group containing from 4 to 24 carbon atoms, R 20 is hydrogen or a hydrocarbyl group 
containing from 4 to 50 carbon atoms, R 21 is a hydrocarbyl group containing from 1 to 24 carbon atoms, m is an 
integer of from 0 to 6 and n is an integer of from 1 to 6. 

Useful monocarboxylic acids are the isomeric carboxylic acids of pentanoic, hexanoic, octanoic, nonanoic, 
decanoic, undecanoic and dodecanoic acids. When R 37 is hydrogen, useful dicarboxylic acids are succinic acid, 
maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid and adipic acid. When R 37 is a hydrocarbyl group 
containing from 4 to 50 carbon atoms, the useful dicarboxylic acids are alkyl succinic acids and alkenyl succinic 
acids. Alcohols that may be employed are methyl alcohol, ethyl alcohol, butyl alcohol, the isomeric pentyl alcohols, 
the isomeric hexyl alcohols, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol, propylene 
glycol, neopentyl glycol, pentaerythritol, dipentaerythritol, trimethololpropane, bis-trimethololpropane, for example. 
Specific examples of these esters include dibutyl adipate, di(2-ethyhexyl) sebacate, di-n-hexyt fumarate, dioctyl 
sebacate, diisooctyl azelate, diisodecyl azelate, dioctyiphthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethyl- 
hexyl diester of linoleic acid dimer, the complex ester formed by reacting one mole of sebacic acid with two moles 
tetraethylene glycol and two moles of 2-ethylhexanoic acid, the ester formed by reacting one mole of adipic acid 
with 2 moles of a 9 carbon alcohol derived from the oxo process of a 1 -butene dimer, for example. 

A non-exhaustive list of companies that produce synthetic esters and their trade names are BASF as Glis- 
sofluid, Ciba-Geigy as Reolube, JCI as Emkarote, Oleofina as Radialube and the Emery Group of Henkel Corpo- 
ration as Emery 2964, 2911 , 2960, 2976, 2935, 2971 , 2930 and 2957. 

(3) The mineral oils having utility are mineral lubricating oils such as liquid petroleum oils and solvent-treated or 
acid-treated mineral lubricating oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types. Also useful 
are petroleum distillates such as VM&P naphtha and Stoddard solvent. Oils of lubricating viscosity derived from 
coal or shale are also useful. Synthetic lubricating oils include hydrocarbon oils and halosubstituted hydrocarbon 
oils such as polymerized and interpolymerized olefins (e.g., polybutylenes, polypropylenes, propyleneisobutylene 
copolymers and chlorinated polybutylenes); poly(l-hexenes), poly(1 -octenes) and poly(1 -decenes), and mixtures 
thereof; alkylbenzenes (e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)ben- 
zenes, etc.); polyphenyls (e.g., biphenyls, terphenyls and alkylated polyphenyls); alkylated diphenyl ethers and 
alkylated diphenyl sulfides and the derivatives, analogs and homologs thereof. 

Unrefined, refined and rerefined oils, (as well as mixtures of two or more of any of these) can also be used in 
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the present invention. Unrefined oils are those obtained directly from a natural or synthetic source without further 
purification treatment. For example, a shale oil obtained directly from retorting operations, a petroleum oil obtained 
directly from primary distillation or ester oil obtained directly from an ester ification process and used without further 
treatment would be an unrefined oil. Refined oils are similar to the unrefined oils except they have been further 

5 treated in one or more purification steps to improve one or more properties. Many such purification techniques are 

known to those skilled in the art such as solvent extraction, secondary distillation, acid or base extraction, filtration, 
percolation, for example. Rerefined oils are obtained by processes similar to those used to obtain refined oils 
applied to refined oils which have been already used in service. Such rerefined oils are also known as reclaimed 
or reprocessed oils and often are additionally processed by techniques directed to removal of spent additives and 

10 oil breakdown products. 

(4) Polyalpha olefins such as alkylene oxide polymers and interpolymers and derivatives thereof where the terminal 
hydroxy I groups have been modified by esterification, etherification, for example, constitute another class of fuels 
that can be used. These are exemplified by oils prepared through polymerization of ethylene oxide or propylene 
oxide, the alky I and aryl ethers of these polyoxyalkylene polymers (e.g., methylpolyisopropylene glycol ether having 

15 an average molecular weight of about 1000, diphenyl ether of polyethylene glycol having a molecular weight of 

500-1000, diethyl ether of polypropylene glycol having a molecular weight of 1000-1500, etc.) or mono- and poly- 
carboxylic esters thereof, for example, the acetic acid esters, mixed C 3 -C 8 fatty acid esters, or the C 13 Oxo acid 
diester of tetraethyleneglycol. 

(5) Vegetable oils having utility as a fuel in this invention are those vegetable oils obtained without genetic modi- 
20 fication, i.e., their monounsatu ration content (as oleic acid) is below 60 percent. Vegetable oils having utility are 

canola oil, peanut oil, palm oil, corn oil, soybean oil, sunflower oil, cottonseed oil, safflower oil and coconut oil. 

[0162] Generally, these fuel compositions contain an amount of the (A), (B), (C)(4) composition sufficient to improve 
one or more properties of the fuel such as rust-inhibition, dispersancy, etc., usually this amount is 0.005 to 0.5% by 

25 volume, preferably 0.01 to 0. 1% by volume, based on the volume of such fuel compositions. 

[0163] The fuel compositions can contain, in addition to the (A), (B), (C)(4) composition other additives which are 
well known to those of skill in the art. These include antiknock agents such as tetralkayl lead compounds, lead scav- 
engers such as haloalkanes (e.g., ethylene dichloride and ethylene dibromide), deposit preventers or modifiers such 
as triaryl phosphates, dyes, cetane improvers, antioxidants such as 2,6-di-tertiary-butyl-4methylphenol, rust inhibitors 

30 such as alkaylated succinic acids and anhydrides, bacteriostatic agents, gum inhibitors, metal deactivators, demulsi- 
fiers, upper cylinder lubricants and anti-icing agents. 

[0164] The fuel additive compositions of this invention can be added directly to the fuel, or they can be diluted with 
a substantially inert, normally liquid organic diluent such as naphtha, benzene, toluene, xylene or a normally liquid fuel 
as described above, to form an additive concentrate. These concentrates generally contain from 20% to 90% by weight 
35 of the composition of this invention and may contain, in addition, one or more other conventional additives known inthe 
art or described hereinabove. 

[01 65] The fuel additive compositions of this invention can be provided in concentrate form with less than the above- 
indicated levels of additives, and then be added directly to teh fuel along with additional amounts of the compositions 
of this invention and other known additives, or be further diluted with additives prior to the addition to the fuel until the 
40 level of additives is at the desired level. 

[0166] The composition may comprise components (A), (B) and (C)(4) in the following ranges in parts by weight: 



45 



Component 


Generally 


Preferred 


Most Preferred 


(A) 


80-99 1 


90-99 


95-98 


(B) 


0.1-20 


0.1-10 


0.5-5.0 


(C)(4) 


0.001-1 


0.01 -.5 


0.01-0.1 



[0167] When the composition comprises components (A), (B) and (C)(4) with (D) the following states the ranges of 
these components in parts by weight: 



55 



Component 


Generally 


Preferred 


Most Preferred 


(A) 


10-90 


20-90 


20-50 


(B) 


0.1-20 


0.1-10 


0.5-5 


(C)(4) 


0.001-1.0 


0.01-0.5 


0.01-0.1 | 
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(continued) 



| Component 


Generally 


Preferred 


Most Preferred 


I P) 


10-90 


20-90 


20-50 



[0168] The components of this invention are blended together according to the above ranges to effect solution. 
[0169] While the invention has been explained in relation to its preferred embodiments, it is to be understood that 
various modifications thereof will become apparent to those skilled in the art upon reading the specification. 

Claims 

1. A composition, comprising; 

(A) esters from the transesterification of at least one animal or vegetable oil triglyceride of the formula 



20 



25 



o 
II 

CH2-OC-R 1 

I II 
CH-OC-R 2 

I ° 

1 " X 

CH 2 - OC-R 3 



35 



40 



45 



with an alcohol F^OH wherein R 1 , R 2 and R 3 are aliphatic groups containing from 6 to 24 carbon atoms and 
R 4 is an aliphatic group containing from 1 to 10 carbon atoms; 

(B) a pour point depressant and 

(C) (4) an antioxidant comprising: 

(a) at least one alkyl phenol of the formula 




wherein R 22 is t-butyl; and 

(b) a benzotriazole of the formula 



so 



55 
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wherein R 23 is a methyl group; and 

(c) at least one aromatic amine ofthe formula 



NHR 24 




wherein R 24 is 




and R 25 and R 26 are nonyl groups. 

The composition of claim 1 wherein the vegetable oil triglyceride comprises sunflower oil, saff lower oil, com oil, 
soybean oil, rapeseed oil, meadowfoam oil or genetically modified sunflower oil, safflower oil, com oil, soybean 
oil, rapeseed oil or meadowfoam oil. 

The composition of claim 1 or claim 2 wherein the transesterification is carried out in the presence of a catalyst 
comprising alkali or alkaline earth metal alkoxides and at a temperature of ambient up to the decomposition tem- 
perature of any reactant or product. 

The composition of any preceding claim wherein the pour point depressant is a mixed ester having low-temperature 
modifying properties of a carboxy-containing interpolymer, said interpolymer having a reduced specific viscosity 
of from 0.05 to 2 and being derived from at least two monomers, one of said monomers being a low molecular 
weight aliphatic olefin, styrene or a substituted styrene wherein the substrtuent is a hydrocarbyl group containing 
from 1 up to 18 carbon atoms, and the other of said monomers being an alpha, beta-unsaturated aliphatic acid, 
anhydride or ester thereof, said ester being substantially free of titratable acidity and being characterized by the 
presence within its polymeric structure of at least one of each of three pendant polar groups which are derived 
from the carboxy groups of said ester: 

(i) a relatively high molecular weight carboxylic ester group, said carboxylic ester group having from 8 to 24 
aliphatic carbon atoms in the ester radical. 

(ii) a relatively low molecular weight carboxylic ester group having from 3 to 7 aliphatic carbon atoms in the 
ester radical, wherein the molar ratio of (i):(ii) is (1-20):1, and optionally 

(iii) a carbonyl-amino group derived from an amino compound having one primary or secondary amino group, 
wherein the molar ratio of (i):(ii):(iii) is (50-1 00): (5-50): (0.1 -15). 

The composition of claim 4 wherein the carboxy-containing interpolymer is a terpolymer of one molar proportion 
of styrene, one molar proportion of maleic anhydride, and less than 0.3 molar proportion of a vinyl monomer. 

The composition of any one of claims 1 to 3 wherein the pour point depressant is an acrylate polymer of the formula 
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SO 



55 



R 5 



I 

CH 2 — C 

I 



COOR 6 

wherein R 5 is hydrogen or a lower alkyl group containing from 1 to about 4 carbon atoms, R 6 is a mixture of alkyl 
groups containing from 4 to 24 carbon atoms, and x is an integer providing a weight average molecular weight 
(Mw) to the acrylate polymer of 5000 to 1,000,000. 

is 7. The composition of any one of claims 1 to 3 wherein the pour point depressant is a mixture of compounds having 
the general structural formula 



Ar_(R 7 )— [-Ar'(R 8 )] n Ar" 

wherein Ar, Ar" and Ar° are independently an aromatic moiety containing 1 to 3 aromatic rings and the mixture 
includes compounds wherein moieties are present with 0 substituents, 1 substituent, 2 substituents and 3 substit- 
uents, R 7 and R 8 are independently an alkylene containing 1 to 100 carbon atoms, and n is 0 to 1000. 

25 8. The composition of any one of claims 1 to 3 wherein the pour point depressant is a nitrogen containing polymeth- 
acrylate prepared by reacting a methacrylate ester of the formula 



R»0 

I " 10 

CH 2 = C - C O R 

wherein R 9 is hydrogen or an alkyl group containing from 1 to 4 carbon atoms and R 10 is an alkyl group containing 
from 1 to 24 carbon atoms, with a nitrogen-containing ester at from 0.1-20 moles of the nitrogen containing ester 
for each mole of the methacrylate ester. 

9. A fuel composition comprising a major amount of (D) a normally liquid fuel wherein the fuel comprises 

(1) a petroleum distillate; 

(2) a synthetic ester base oil comprising the reaction of a monocarboxylic acid ofthe formula 



R 19 COOH 



or a dicarboxylic acid of the formula 
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R 



20 



CH-COOH 



(CH 2 ) 



m 



CH 2 COOH 



with an alcohol of the formula 



R (OH) t 



wherein R 19 is a hydrocarbyl group containing from 4 to 24 carbon atoms, R 20 is hydrogen or a hydrocarbyl 
group containing from 4 to 50 carbon atoms, R 21 is a hydrocarbyl group containing from 1 to 24 carbon atoms, 
m is 0 or an integer of from 1 to 6 and t is an integer of from 1 to 6; 

(3) a mineral oil; 

(4) a polyalphaolefin; and/or 

(5) a vegetable oil; 

and a minor amount of the composition according to any preceding claim. 



Patentanspruche 

1. Zusammensetzung, umfassend: 

(A) Ester von der Umesterung von mindestens einem tierischen Oder pf lanzlichen Triglyceridol der allgemeinen 
Formel 



mit einem Alkohol R 4 OH 1 wobei die Reste R 1 , R 2 und R 3 aliphatische Reste mit 6 bis 24 Kohlenstoffatomen 
sind und der Rest R 4 ein aliphatischer Rest mit 1 bis 10 Kohlenstoffatomen ist; 

(B) einen Stockpunkt-Erniedriger, und 

(C) (4) ein Antioxidationsmittel, umfassend 

(a) mindestens ein Alkylphenol der allgemeinen Formel 




o 
u 

fe-OC-R 1 



ch 2 - oc-r 3 
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in der der Rest R 22 t-Butyl ist; und 

(b) ein Benzotriazol der allgemeinen Formel 



H 




in der der Rest R 23 eine Methylgruppe ist; und 

(c) mindestens ein aromatisches Amin der allgemeinen Formel 



NHR : 




in der der Rest R 24 




ist und die Reste R 25 und R 26 Nonylgruppen sind. 

Zusammensetzung nach Anspruch 1, wobei das pflanzliche Triglyceridol Sonnenblumenol, Safflorol, Maisol, So- 
jabohnenol, Rapsol, Wiesenschaumkrautol Oder genetisch modifiziertes Sonnenblumenol, Safflorol, Maisol, So- 
jabohnenol, Rapsol oder Wiesenschaumkrautol umfaGt. 

Zusammensetzung nach Anspruch 1 oder Anspruch 2, wobei die Umesterung in Anwesenheit eines Katalysators, 
umfassend Alkali- oder Erdalkalimetallalkoxide, und bei einer Temperatur von Raumtemperatur bis zur Zerset- 
zungstemperatur eines jeglichen Reaktanten Oder Produkts durchgefuhrt wird. 

Zusammensetzung nach einem der vorstehenden Anspruche, wobei der Stockpunkt-Erniedriger ein gemischter 
Ester mit Tiet-Temperatur-Modifizierungseigenschaften eines Carboxy-enthaltenden Copolymers ist, wobei das 
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Copolymer eine verringerte spezifische Viskositat von 0,05 bis 2 aufweist und von mindestens zwei Monomeren 
abgeleitet ist, wobei eines dieser Monomere ein aliphatisches Olefin mit niedrigem Molekulargewicht, Styrol oder 
ein substrtuiertes Styrol ist, wobei der Substituent eine Hydrocarbylgruppe ist, enthaltend 1 bis 18 Kohlenstoffato- 
me, und das andere dieser Monomere eine alpha.beta-ungesattigte aliphatische Saure, ein Anhydrid oder Ester 
davon ist, wobei der Ester im wesenttichen frei von titrierbarer Aziditat ist und innerhalb seiner polymeren Struktur 
durch die Anwesenhert von mindestens einer von jeder von drei daran gebundenen polaren Gruppen gekenn- 
zeichnet ist, die von Carboxygruppen des Esters abgeleitet sind: 

(i) eine Carbonsaureestergruppe mit einem relativ hohen Molekulargewicht, wobei die Carbonsaureestergrup- 
pe 8 bis 24 aliphatische Kohlenstoffatome im Esterrest besitzt. 

(ii) eine Carbonsaureestergruppe mit einem relativ niedrigen Molekulargewicht mit 3 bis 7 aliphatischen Koh- 
lenstoffatomen im Esterrest, wobei das Molverhaltnis von (i):(ii) (1-20):1 betragt, und gegebenenfalls 

(iii) eine Carbonylaminogruppe, abgeleitet von einer Aminoverbindung mit einer primaren oder sekundaren 
Aminogruppe, wobei das Molverhaltnis von (i):(ii):(iii) (50-1 00): (5-50): (0,1 -15) betragt. 

Zusammensetzung nach Anspruch 4, wobei das Carboxy-enthaltende Copolymer ein Terpolymer mit einem mo- 
laren Anteil Styrol, einem molaren Anteil Maleinsaureanhydrid und weniger als 0,3 molaren Anteilen eines Vinyl- 
monomeren ist. 

Zusammensetzung nach einem der Anspruche 1 bis 3, wobei der Stockpunkt-Erniedriger ein Acrylatpolymer der 
allgemeinen Formel 




_^_CH 2 -C )- 

COOR 6 

ist, in der der Rest R 5 ein Wasserstoffatom oder ein niederer Alkylrest mit 1 bis etwa 4 Kohlenstoffatomen ist, der 
Rest R 6 ein Gemisch von Alkylresten mit 4 bis 24 Kohlenstoffatomen ist und x eine ganze Zahl ist, die ein Ge- 
wichtsmittel des Molekuiargewichts (Mw) des Acrylatpolymers von 5000 bis 1.000.000 bereitstellt. 

Zusammensetzung nach einem der Anspruche 1 bis 3, wobei der Stockpunkt-Erniedriger ein Gemisch von Ver- 
bindungen der allgemeinen Strukturformel 

Ar— (R 7 )— [-Ar'(R 8 )] n Ar" 

ist, in der die Reste Ar, Ar' und Ar* unabhangig ein aromatischer Rest mit 1 bis 3 aromatischen Ringen sind, und 
das Gemisch Verbindungen beinhaltet, wobei Reste mit 0 Substituenten, 1 Substituenten, 2 Substituenten und 3 
Substituenten anwesend sind, die Reste R 7 und R 8 unabhangig ein Alkylen mit 1 bis 100 Kohlenstoffatomen sind 
und n den Wert 0 bis 1000 besitzt. 

Zusammensetzung nach einem der Anspruche 1 bis 3, wobei der Stockpunkt-Erniedriger ein Stickstoff-enthalten- 
des Polymethacrylat ist, hergestellt durch Umsetzung eines Methacrylatesters der allgemeinen Formel 
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R 9 0 

I H M 

CH 2 = C - C-O-R 10 



in der der Rest R 9 ein Wasserstoffatom Oder ein Alkylrest mit 1 bis 4 Kohlenstoffatomen ist und der Rest R 10 ein 
Alkylrest mit 1 bis 24 Kohlenstoffatomen ist mit einem Stickstoff-enthaltenden Ester von 0,1 bis 20 Mol des Stick- 
stoff-enthaltenden Esters pro Mol des Methacry latest ers. 

Eine Treibstoffzusammensetzung, umfassend eine Hauptmenge von (D) eines normalerweise flussigen Treib- 
stoffs, wobei der Treibstoff umfaGt 

(1) ein Erdoldestillat; 

(2) ein synthetisches Estergrundol, umfassend die Umsetzung einer Monocarbonsaure der allgemeinen For- 
mel 

R 19 COOH 

Oder einer Dicarbonsaure der allgemeinen Formel 



R 2 ° CH-COOH 



CH 2 COOH 



mit einem Alkohol der allgemeinen Formel 



R 21 (OH) t 



wobei der Rest R 19 eine Hydrocarbylgruppe mit 4 bis 24 Kohlenstoffatomen ist, der Rest R 20 ein Wasserstoff- 
atom Oder eine Hydrocarbylgruppe mit 4 bis 50 Kohlenstoffatomen ist, der Rest R 21 eine Hydrocarbylgruppe 
mit 1 bis 24 Kohlenstoffatomen ist, m den Wert 0 aufweist oder eine ganze Zahl von 1 bis 6 ist und t eine 
ganze Zahl von 1 bis 6 ist; 

(3) ein Mineral©!; 

(4) ein Polyalphaolefin; und/oder 

(5) ein Pflanzenol; 

und eine geringere Menge der Zusammensetzung nach einem der vorstehenden Anspruche. 
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Revendicatlons 

1 . Une composition comprenant : 

(A) des esters resultant de la trans-esterification d'au moins un triglyceride d'huile animate ou vegetale de la 
formule 

o 
II 

CH.-OC-R 1 
I " 0 
CH-OC-R 2 

CH 2 - OC-R 3 

avec un alcool F^OH, ou R 1 , R 2 et R 3 sont des groupes aliphatiques contenant de 6 a 24 atomes de carbone 
et R 4 est un groupe aliphatique contenant de 1 a 10 atomes de carbone ; 

(B) un abaisseur de point d'ecoutement ; et 

(C) (4) un anti-oxydant comprenant : 



(a) au moins un alcoyl phenol de la formule 




ou R 23 est un groupe methyle ; et 

(c) au moins une amine aromatique de la formule 
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NHR 24 



ou R 24 est 




et R 25 et R 26 sont des groupes nonyle. 

La composition seton la revendication 1 , dans laquelle le triglyceride d'huile v6g6tale comprend de I'huile de tour- 
nesol, de I'huile de carthame, de I'huile de mais, de I'huile de soja, de I'huile de colza, de I'huile de p&turin ou I'une 
de ces huiles modified genetiquement. 

La composition selon la revendication 1 ou 2, dans laquelle la trans-esterification est effectuee en presence d'un 
catalyseur comprenant des alcoolates de metaux alcalins ou alcalino-terreux et a une temperature comprise entre 
la temperature ambiante et la temperature de decomposition de I'un quelconque des corps en reaction ou des 
produits. 

La composition selon I'une quelconque des revendications precedentes, dans laquelle I'abaisseur de point d'ecou- 
lement est un ester mixte ayant des propri£tes de modification a basse temperature d'un interpolymere carboxyie, 
cet interpolymere ayant une viscosite specif ique reduite comprise entre 0,05 et 2 et etant derive d'au moins deux 
monomeres, un de ces monomeres etant une oiefine aliphatique de bas poids moieculaire, du styrene ou un 
styrene substitu6 dans lequel le substituant est un groupe hydrocarbyle contenant de 1 a 18 atomes de carbone, 
et I'autre de ces monomeres etant un acide aliphatique insature en alpha, beta ou un anhydride ou ester de cet 
acide, cet ester etant substantiellement exempt d'acidite titrable et etant caracterise par la presence dans sa struc- 
ture polymere d'au moins un de chacun de trois groupes polaires pendants qui sont derives des groupes carboxy 
de cet ester : 

(i) un groupe ester carboxylique de poids moieculaire relativement eieve, ce groupe ester carboxylique ayant 
de 8 a 24 atomes de carbone aliphatiques dans le radical ester, 

(ii) un groupe ester carboxylique de poids moieculaire relativement bas ayant de 3 a 7 atomes de carbone 
aliphatiques dans le radical ester, ou le rapport molaire de (i) a (ii) est compris entre 1:1 et 20:1 , et event uel- 
lement 

(iii) un groupe carbonyl-amino derive d'un compose amine ayant un groupe amino primaire ou secondaire, ou 
le rapport molaire de (i) : (ii) : (iii) est de (50-100) : (5-50) : (0,1-15). 

La composition selon la revendication 4, dans laquelle I' interpolymere carboxy 16 est un terpolymere d'une propor- 
tion motaire de styrdne, une proportion molaire d'anhydride maieique et moins de 0,3 proportion molaire d'un 
monomere vinylique. 

La composition selon I'une quelconque des revendications 1 a 3, dans laquelle I'abaisseur de point d'ecoulement 
est un polymdre d'acrylate de la formule 
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R 5 
I 



< — CH 2 — C 



x 



COOR 6 



ou R 5 est de I'hydrogene ou un groupe alcoyle inferieur contenant de 1 a environ 4 atomes de carbone, R 6 est un 
melange de groupes alcoyle contenant de 4 a 24 atomes de carbone et x est un nombre entier foumissant au 
polymere d'acrylate un poids moleculaire moyen en poids compris entre 5 000 et 1 000 000. 

La composition selon Tune quelconque des revendications 1 a 3, dans laquelle I'abaisseur de point d'ecoulement 
est un melange de composes ayant la formule de structure generale 



ou Ar, Ar* et Ar" sont chacun independamment une portion aromatique contenant 1 a 3 noyaux aromatiques et le 
melange comprend des composes dans lesquels sont presentes des portions avec 0 substituant, 1 substituant, 2 
substituants et 3 substtuants, R 7 et R 8 sont chacun independamment un groupe alcoylene contenant de 1 a 100 
atomes de carbone et n est un nombre de 0 a 1 000. 

La composition selon Tune quelconque des revendications 1 a 3, dans laquelle I'abaisseur de point d'ecoulement 
est un polymethacrylate azote prepare en faisant reagir un ester methacrylate de la formule 



dans laquelle R 9 est de I'hydrogene ou un groupe alcoyle contenant de 1 a 4 atomes de carbone et R 10 est un 
groupe alcoyle contenant de 1 a 24 atomes de carbone, avec un ester contenant de Pazote a raison de 0,1 a 20 
moles de Tester contenant de I'azote pour chaque mole de Tester methacrylate. 

Une composition combustible comprenant une quantite majeure de (D) un combustible normalement liquide, ou 
le combustible comprend 

(1) un distillat de petrole ; 

(2) une huile synthetique a base d'ester comprenant la reaction d'un acide monocarboxylique de la formule 



Ar -(R 7 H-Ar'(R 8 )] n Ar" 



R 9 0 




10 



R 19 COOH 



ou d'un acide dicarboxylique de la formule 
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R CH-COOH 

I 

10 

CH 2 COOH 



*s avec un alcool de la formule 

R 21 (OH) t 

20 ou R 19 est un groupe hydrocarbyle contenant de 4 a 24 atomes de carbone, R 20 est de I'hydrogene ou un 

groupe hydrocarbyle contenant de 4 a 50 atomes de carbone, R 21 est un groupe hydrocarbyle contenant de 
1 a 24 atomes de carbone, m est 0 ou un nombre entier de 1 a 6 et t est un nombre entier del a 6 ; 

(3) une huile mindrale ; 

(4) une poly-alpha-olefine ; et/ou 
25 (5) une huile v6g6tale ; 

et une quantity mineure de la composition selon Tune quelconque des revendications precedentes. 
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